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ABSTRACT 

This book is designed for teachers in elementary and 
middle schools .who need explanations of problems and questions ^ 
concerninc( the metric system and % source of classroom activities to 
J aid in teaching the metric system. The book is divided into three ^ 
, parts. The first part is a primer of informatio,n designed to help a 
.teacher in answering the Hany questions that children and parents 
^ vill ask. This part also includes practice problems for all teachers 
involving the. mathematics of metrics. The second part consists of 
ideas and activities that teachers "^f the nphmathematics curriculum 



■ay\lp<^rporate into thieir lessons to aid^ in the. total 'metric - 
experience of the learner. Included xn this part are ^fctio'^s* oi 

^ijusic, ^TiK ar\. 



experience ot the learner, included 5^ this part are ^fctions* on 
language arts, reading, social stud ie3>s^iju sic, ^nK ar\. The third 
part deals' with classroom activities that teachers of mathematics may 
use. A special section is included vbilch uses only nonstandard' 
mo^efsureme^t activities^- desi^gned for primary children. Attention is 
also given in this section "to the use of metric measurements in 
presenting activities that are concrete, semi-concrete, and al 
in nature. The activities ;^ ar^ labeled according to len< 
area, volume, and temperatute. (Autfror/MP) 




♦ Bfeptdductions supplied by EDRS are the best that can) be made '♦" 

♦ ^ : 'from the original document. ♦ 
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about 165 ce^itimeters tall." Naturally, this is an acquired skill 
that does not happen overnight. With many actual measuring 
activities, however, children are able to think metric as their basic 
measurernent systein. There may be some children in the / 
changeover phase who become able to think4freither measure- 
ment system. Just the mention of a particular measurement 
would tri^er them to shift into the appjropriate systein. They 
would not need to transl.^|e back and forth as would a person 
with only one me^suremerltianguagie. Lt ^s not likely that there 
vy^js|e large numbers of th^e "bimeasural" persons jvst as there 
aifefiOt large number/^of bilingual persorjs. 

^iPn^ changeover in children's textbooks appears to be coming 
quickly. As this book is being written, textbooks are emerging 
that stress only metric probleitis. The authors of these texts feel 
tljat since the nation has fixed its destiny by passing thesMetric 
Conversion Act of 1975, we might" as well get the children 
, changed over as quickly as possible. These children will be able.to 
'pick up in an incidental way^j that jth^ywed for using the 
customary system. Remember, ^o tea^rhej is doing a young child 
a favor t^helpmg him or her learn to think primarily in the 
tradrtionaf system at the exclusion of the metric system. A child 
sotequipped vvill be at a disadvantage in thp world in which he or 
she will live. 

Home and Industry Responsibilities. Evea though teachers have a . 
great responsibility to roll up th^ir sleeves and get busy helping 
to provide children with basic metric understa^odings, others also 
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Metrics for Elementary and Middle Schools is designed for teacHers of- 
these grades who want a praetical'down-to-earth explanation of 
those pro^Jlems and questions concerning the metric system 
Which are bothering everyone. .Such questions as Why are we/ 
changing? What is vyrong with' the old system? and How can I 
become prepared to teach the new system? will be ansj^ered ' 
through the format of explanation and metric activities! 

This book rs divided into three parts. The first part is a primer 
of information designed to help a^teacher in answering the many 
questions that children and parents will ask. This part also 
includes practice probjems for all teachers involving the 
mathematics of metrics. The second part consists of ideas and 
actiVftie^ that teachers of the rionmathematics curriculum may 
incorporate into their lessons to aid in the total metric experience, 

yof the learner. The third part deals with classroom activities that 

^teachers of mathematics may use. A special section is included 
which uses only nonstandard measurement activities designed 

' for primary children. Attention is also given in this section to th^ 
use of metric measurements in presenting activities that are 
concrete, semi-concrete, and/^bstract in nature. Regardless of 
the age of t+t^ learner, /if an understanding of the system is not 
present, the starting ^|^ace is wifh the concr'ete weighing, ; 
pouring, and measuring activities. Such an approach is used in 
this book. • • . . ^ f - * ' 

Metrics should be taught to children as arprimary system/ 
Conversions from the English system to metrics should,hot be v 
used or eri?:ouraged. Conversion tables which are given in 
Appendices B and (I ar> informdTIOQal in nature and are not 
inlfended for use by studenis. Th^ ultimate g&al of metrication is 
for the student, parent or teacher to be able to conceptualize the 
metric units and be atle to work mathematically with them so 
that when a gram, liter, or centimeter is discussed, the learner 
will understand its size. This awareness of metric units can come 
only from actual^experiences with measurements. "These ex- 

^ ptriences must b^of a concrete nature. 



The ability to ^ork mathematically with abstract metric 
problems must be acquired after the student is familiar with the 
various metric units^ of length, weight, area/ volume, and 
temperature. This book is designed so that abstract activities will 
follow the concrete and semi-coricrete activities. 

In conclusion, I woultt like to have you think about a poem 
written by my wife — 



A current issue confronting our nation 
Causing great exasjferation, . 
Fear, disdain, arid consternation ^ 
Is that of total metrication. 

The '75 Conversion Act 
Was passed byiCongress to, in fact. 
Effect a change quitf^'perma^nt 
Jn the U.S. system of measurement. 

With the coming of metrics to the U.S.A. 
Inches'and pounds become passed 
Yards and feet give way to meters. 
Quarts and pints ^are measiffed in liters.^ 
% ' 

As we change our ways to mecfS^tre and weigh. 
Dissident folks view this change with dismay. 
All t^he ntw methods are bound to seem strange. 
There wilj be people who don't want to change. 

A good aftitude toward the metric way 
Can be, fostered by tefichers'at work and play. 
In setting examples you must agree 
The classroom' teachers hold the key. 
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.METRIC PPflMER FOR TEACHERS 
. . . M 

(iENtRAL INFORMATION \ 

Why Go Metric? This question is being asked over and over by 
persons in the United States. The main problem is that many 
persons who ask the question do not liJten with an open mind to' 
the apswers. Jhe author has- found students and teachei;s to be 
much more receptive to the new system than some members;,of 
^he general pul^. It is quke common to find persons so much 
against th^ new system that tliey say^ "Why should the^^United 
States adopt the measurement system of the world? Why doesn't 
the world adopt the measurement system of the Uni.ted States?" 
S6me persons go so fanas to say itis a communist plot to have one 
worldwide measurement system.. It is quite unlikely that such 
. persons will vpluntarily accept the new system. This does not 
mean, however,* that the new system will fade away. It only 
means that these persons will be out ofstep with tlhe remainder 
of the^ populace. ^ 

The metric system Js decimally based, which makes it^much 
easier to use 'than the customary system. If it is desired to change 
from one metric unU to another metric unit, the decimal point is 
^ moved, to the right or to the left, for all units of the same kind are 
increased or decreased either by multiplying the standard unit by 
I a power of 10, or by dividing by a power of 10. Which is easier to 
^hange— 3.341 miles^'to rb^t or 3.342 kilometers to metersj^he 
first problem requires.muitiplying by 5,-280. The second problem 
requires moving the decimal point three places to the fight. 

The second reason forgoing metric is that trte metric sy^em is 
•similar to our/money system and our nurheration /ystem. 
Actually if a learner understands money and place value,}tliere is 
very little more that needs tp^e learned.' These relationsKips 
should be stressed to children. A child who understands place" 
value will have little trouble understanding the metric system if 
the similarities between" th^ two systems are stressed, as one 
concept Can be built upon another. The systems dovetail. Th^- 
similarities are presented in depth in a later section, \ 
. The^hird reasoais that the restx)f the worldm metrijtorgoing 
metric. It is difficult to go alone in the v^J^ld. It Ras been 
estimated that the United States will achfS/e severaPbillion 
doUjPS more in world trade after going metric. The question^as 
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^ ^eep asked if a citizen of a foreign country vAl\ buy a machine 
that metric wrenches Will not fit. 

The fourth-reason is the relationship^ of the new^ystem. All 
inits are linked together, e\g,, the cubic decimeter haS^a capacity 
'O^one liter wj:rich will h9ld one kilogram of water. ,Tbe system-^ 
h^mumerp<ls interrelated features. The^ basic relationships are 
shqfeaiJ*the fotlow^ing table: 



Volume 



Capacity 



ieighl of wdler: 





cm3 


mL' - 


■ '* 1 

. ' ■ -■,7. ' r ' 




» dm5- 


.L 


■■' / ' '■' 
. '' kg , 




m^ 


^ kL 


■ --^^ 
^ m^i^ic ton 



A less important but still strcyjg aj^ument fot changing to the 
metric system is that the chan'fee .win provide an oppojrtunity to ^ 
- - . clean house in some manufacturing areas. Grff^ment manufac- 
turers see' metric conversi6«^as*an opportunity to redyce the 
number of standard clothing siies. Machine manufacturers are 
seizing the opportunity to reduce the numbert)f standard sizes of 
nuts, bolts, screws, and other fasteners. 

J Ohjedjons Changing. There is always. comfort and security in 
staying with the old and familiar. Conversely, it is a threatening 
situation to discard the old for the new. This principle obviously 
applies during^those discussions of metric change 'vybeh it 
common for tempers to flare and normally rational person-s to 
become quite irrational.- ^ ' ^ . , 

The major objection to metric conversion has been that the 
changeover costs will be great. In education there will be the 
.expense of changing^, textbooks, retraining teachers, and 
"""^^^^"^ other costs such-a^purchasing films, teaching aids, 
■etc. In business and manufacturing, -high cost is again the 
primary reaso|i given for not converting to metric. The key to 
\ J<3wered costs, however,^ appears to be gradual change rather 
/ than sudden change whether in textbodks or new model cars*. 
Industry has found that a sudden shift tOTnetric is very costly. 
" However, a gracfual^tiift as new model? ai;e phased in actually 
costs little more than normal spending for redesigning and 

■ ^ 10 . . . ■ . 
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retooling. T|ie follc^ing statement of Everett Baugh, (^ifnerai 
Motors official in cha'Pge of metric planning, is typical of such 
exaggeratecl original cost predictions. - / 

tjj^ When General Motors first analyzled trW cost'of going* 
metricin 1966, it was about as staggering as the>\atioru(Jidebt. 
Irt 1972, we restudied the^cost based on going metric only with 
^ new models as they came out: That figure was iust 28 per cent 
^ of the firstestimate.In 1973,anOfher3Uidybrc«ighti 
- 19 per cent. Now, practical experience suggp^tV that the real 
* cost will be only 4 per cent of the origii^al estimate. 

- Disconcerting Metrics and Some Answers. Anything new always 
seems to have inconsistencies and cjif ficulties. The n^etric system 
is^'not without such problems which cluster around several 
topic^"^ The*" first we will discuss is' spelling, ^omejpersons are 
exerting considerable energy arguing over how\we should spell 
the basic unit of length. Their question is, "ShalPv/e spelHt meter 
or metre?" The lines vyere diiawn early in the present metrication 
attempt and the battle contfhues to rage. The pjoPe^ionals seem 
to be the ones most caught up in the struggle. The average 
person couldn't care less. He or she is still trying to conceptualize 
the unit, let alone spell it;. The sarr^e problem is evident in the 
spelling of the basic unit of capacity. Should it be liter or litre? 

A simplified explanation, seems to be th^it those who prefei" 
mf/fr believe this is more consistent witji presWt spelling 'of 
similar words. Those who choc^e metre claim this^s the world 
spelling and We should "adopt not adapt." Additionally, they^say 
that the United States is flanked on tfcie north and south by 
Canada and Mexico vyho are adoptih'g the rv spelling;£nglandiand' 
the European continent are also using rf. So we come to the 
moment of truth, "How shaN I tell my students to spell the 
term^?" You might as well be honest and tell them^'that both 
spellings, are used. If ypur textbook includes metrics;; yoii. 
probablj^ can't go-wrqng by using its spelling. You m^y want to 
set a good example by not using an inordina^^" ampurat.of epergy 
in fighting this battle. Move to more fertile fieldspy'providing . 
the students with many 'metric activities of a concrete," semi- > 
concrete, and abstract nature. " / 

You may also see the symbol for dekam^ as dicm r^iher-than. - ' 
dhm. This situation does not pre*«ent*as bi^ a 'diffjculty/ as the. 
latter spelling is more appropriate. 

•Another disconcerting problem is the u'se of the tejfm weight or 
mass when «i?ading the results when y^u step on th^, bathroom 
scales^ This time the difficulty arises because weight is^tually in 
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error unless you are at the equator, ^t sea levels of in a vacuum. 
Under these conditions mass">ad" weight are numerically,, equal. 

. As "yotf move away irpm these condition's, however, they dp not . 
ren>airi nieimerically equalr M^ss is a universal unit and re ma iris 
tOnst'ant no matter where if is located. W.eight varies according 
to its locatiort because it is dependent* upon the^ull of gravity 

. which varies from one'location to another. Thqmassofanobjecl.^ 
on the jnoOT\ ^nd on the earth would be the same. The weight pf 
an object on^the mpon'would be only apprpxinciately one-sixth of 
its weight on earth because the pull of gravity is much lesion the 
moon than on earth. Therefore, a* person who , weighect.;60 
kilograms at the earth's equator would weigh only 10 kilograms 

, on the.lnocjfn. The mass, however, v^uld -measure 60 kilograms 
on earfh and on the moon. Even though this/Jifference in mass 
and weight exists, the numerical amoun>-wi earth varies very 
little. The 60 kilogram person wJbulgl weigh ohky slightly less on 
top of the high^^ mountairi inKmerica. 






The mass-weight dilemrwa may be solved by tne following 
guidelines. In technical atid scientific work a clear distinction 
should be made between the^tyvo terrnf. In everyday use, tne 
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man French weights and measures,, was primarily based on 
physical measures. For example, originally the" foot was the 
actual length of a human foot. Often the standard became the 
king's foot. In. order to improve measuring procedures. which 
relied on the human body, other familiar physical standards were 
used. In 1305, King Edward I of England decreed that three 
graihsjDf barley, dry, round, and taken from the middle of the.ear, 
when laid end to end should equal one inch. The yard as decreed 
by King Henry I was the 'distance from the tip of his nose to the 
end of his thumb on his outstret^ched arm, 

Measurement based on physical lengths varied greatiy. Enter- 
prising businessmen soon learned to have a long-armed person 
buy the cloth and a short-armed person sell it. Even though the 
standards' were not good, relationships between units in the 
system ^i^e worse. The units were not related to one another m 
a predictable way, e.g., there were 5,280 feet in a mite, 12 inches 
in one foot, and 16 ounces in a pound. These units are not linked 
together by an overall simple rule as in the metric system; 
therefore, when compared to the metric system, the customary 
system is considerably more cumbersome. , 

A Danish astronomer, Ole R6mer, in 1702 first made a 
reproducible thermometer usingHhe meking point of ice and the 
boiling point of water as fixed points, and dividing'the scale into 
equal increments. This method remains in use tpday. J 

A young instrument maker, Daniel Gabriel Fahrenheit, 
visiting R6mer in 1 708, observed how the old scientist calibrated 
thermometers. Afte^ several years of experimenting. 
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Fahrenheit, in 1717^ began making mercury thermometers 
commercially. His final scale was based on tv^o fixed points, the 
melting point of ic^ (32°) and the heat of the lieaUhy human 
body, commonly called blood heat (96°), Fahrenheit sta^ that 
the boiling po^t of water was 212°, but did not place^^M high 
temperature on4He thermometer. Since the correct ;bocwheat is 
98.6** F, it vyas probably fortuitous that he arrived at tWe correct 
boi^ling point of w^ter. Soon after his death, the boiling point of - 
water' replaced Blood heat a% the ifcpper fixed point on the 
thermometer.^ \ / - --^ 

Although the scales used on early thermometers varied 
greatly, apparently no one thought of using 100 degrees between 
f he melting point of snow and the boiling point of water. ROmer 
had 60° as the boiling point of water and 71/2° as the melting f>oint 
of ice. The Fahrenheit scale, of course, needs no explanation, 
> . It is common knowledge that Anders Celsius had a ther- 
mometer with 100 degrees between the boiling poini of water 
and the melting point of gnowon December 25, 1741. GelsiO^a 
professor of astronomy at Uppsala, Sweden, from 1730 until hik' 
death in' 1744, was very active in the early thermometer 
experiiTtents. What is not commonly kndwn,^however, is that his 
scale was inverted from our tJ^ermom^ters of today. It read 100° 
for the melting point of snow and 0° for the boiling point of 
water. It was not until arfter the death of Celsius in 1744 that the 
thermometer was reversed to its pres^ent form. 

Even though available history does not build an ironclad cas^ 
that Celsius was the first to come up vyith a centigrade 
thermometer, he was certainly among the first. Becaiise his 
name is most often associated with the ceptigrade temperatiire 
scale, the Ninth General Conference of Weights and Measures in 
1948 officially ruled that what had been called degrees centigrade 
should henceiForth be called degrees Celtius. It is appropriate that 
one who pioneered in thi^rea should receive such recognition. 

If you enjoy history at its best, be sure and read the book by 
Middleton cited earlier> especially pages 66-105, for further 
information on this subject. , ^ 

Ki^uremenl of the Present and Future, Toda)d >|'i-rtually the whole 
world is metric or going metric. This coi^try sjtarted moving 
offic^lly tow4;*d becoming a. metric nation when President Ford 
signed the Metric Conversion Act of 1975. Even though the act 
was very permissive, it gaye teachers and others ijfivolved with 
education justification for moving rapidly ta*vard the new 
system. 

England started the changeover in ^1965 butj>;piacj[e little 
progress during the first ten years. The country had jiast ch^ged 

•■ ■■ 
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to a decinylly based money system and people thought 
businessmen had taken advanfage of them. They were in no 
mood to make another change and be taken advantage of agaia^ 
Additionally) a duat system has been used which stressed botfi 
methods. Retaining both systems does not appear to be the most 
efficient.way to change a nation to metrics, 

Canada waited for the United States to go metrie, finally gave 
up in 1973, and -started on its own. Since that time they haye 
made excellent progress. They seem to Be relying less on a dual 
system than did England. An example of the singular Canadian 
approach — the government weather bureau made an early start 
by giving the temperature only in degrees Celsius. Such a 

^ procedure forces ,the li'^ene;- to become familiar witVthe new 

sysfem since there is Ao opportunity for tFie,temperature ^o be 
given in Fahrenheit. When a dual system is used, {arobably little 

. progress is gained other than familiarity with tferms,^ in' 
reporting the/'-temperature'on Jbank sign? in bo^irCelsius and 
Fahrenhei^fTlt is encouraging that the United States Weather 
B(^r«^ij^^ans to use only metric starting June 1, 1980, for 
reporting, temperature, rainfall, and" wind^ velocity. This single" 
move by the Weather Bureau will be a giant step toward 
encouraging the citizenry to become familiar with the metric 
system of measurement. The weather forecast'of the future 
might be: "The high for 'the day will be 31?C, the low v/'\\\ be 
2'5°C, the wind will be out of the north with gusts up^o 30 
kilometers per hour." Since people love to talk about the 
weather, they will be forced to use the new system. 

Goal of Metrication, Some ^trite sayings have^merged in the ' 
rnetric movement which actually turn some people off. Even 
wirfi the possibility of losing a few readers, there is really no 
better way to express the goal of metrication than the saying, 
"Think Metric." TRis platitude means that the student should 
think in terms of metric units rather than in customary units. 
You as an adult are likely to continue thinking in terms of the 
traditional units; some practicing teachers may not achieve 

; metric fluency.Jf someoiie were to ask you to estimate the height 
of ' a person and you thought first that ' there w^re 2.54 
centimeters in an inch and the person was about 65 inches tall, 

. you would be dragging yourself through the traditional systern 
to reach the metric answer. 

,The goal for children is to learn the metric system of 
measurement as their primary system. If they "spoke metric," 

^ they vyould think directly in the metric system. In the preceding 
problem a child thinking in metric would say, "The person is 
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about 165 ce^itimeters tall." Naturally, this is an acquired skill 
that does not happen overnight. With many actual ^measuring 
activities, however, children are able to think metric as their basic 
measurernent systein. There may be some children in the / 
changeover phase who become able to think4freither measure- 
ment system. Just the mention of a particular measurement 
would tri^er them to shift into the appjropriate systein. They 
would not need to translate back and forth as would a person 
with only one me^suremerftianguagie. Lt ^s not likely that there 
vy||l^^ large numbers of th^e "bimeasural" persons jvst as there 
aife|»6t large number/^of bilingual persorjs. 

changeover in children's textbooks appears to be coming 
quickly. As this book is being written, textbooks are emerging 
that stress only metric probleitis. The authors of these texts feel 
tljat since the nation has fixed its destiny by passing thesMetric 
Conversion Act of 1975, we might" as well get the children 
, changed over as quickly as possible. These children will be able.to 
'pick up in an incidental way^j that :th«y"wed for using the 
customary system. Remember, ^o tea^rhej is doing a young child 
a favor helping him or her learn to think primarily in the 
tradrtionaf system at the exclusion of the metric system. A child 
sotequipped vvill be at a disadvantage in thp world in which he or 
she will live. 

Home and Industry Responsibilities. Evea though teachers have a . 
great responsibility to roll up th^ir sleeves and get busy helping 
to provide children with basic metric understa^odings, others also 



18 METRICS FOR ELErOlENTARY AND MIDDLESCHOOLS 



have equally important Voles in a smooth changeover. Young 
children will be terribly confused if they are faced with metric 
units in one class and customary units in another. Possibly even 
more confusing for a child would be to work with the metric 
system at school and then see and hear nothing but feet, pounds, 
and inches at home,^on TV, andirTtte stores. Dr. Floyd David, 
director of the Office of Educatioits MWric Education Programs, 
stated this dilepma very well, "Teach'^s'who swit(?h to inter- 
national units 'may find 'they are beatirtt their heads against a 
^ stonewall if their students have fo deal in.ftounds, feet and quarts 
everywhere but in school."^ < ' ^ I 

Le Systeme International d'Uni(e$J5lL Since the French General 
Assembly adopted the concept of a systiem of weights arid 
measures founded on the meter in 1791, there have been many ■ 
additions amjaltef ations to th? system. The modernized system, 
called 51 was established in 1960 by international agreement. If 
should be rioted'that SI is different in. a^number of-ways from 

•former practices. At one time cc was an acceptable abbreviation 
for "cubic centimreter. Presently . the^ correct symt^pH is cm\ 
Additionally, the degree centigrade has changed to the degree 
Celsius as a tribute to 'the. man who founded the thermometer 
with 100 degrees between the freezing and boiling points of^ 
water. British and American spellings of some metric units (e.g., 
metre or meter] and litre or liter) al^o differ. Thes/ spelling 
differences appear to be consistent with other word variationsin 
the two countries. * - ' ■■ ^ 

* The Department "of Col^mmerce issued a notice in the 
December 10, 1976 Federal Reg/sft-r updating metric styJe and usage 
for the >United States. These recommendations included fhe 
following: "The international symbol for liter is^e lowercase '1' 
which can easily be confused with the numeral '1'. Accordingly, 
the symbol 'L' is recommended for^United. States use. "-The. 
Department .of Commerce interpretafiions 'included the er 

Spellings in meter and liter and the da symbol for the prefix deh: 
They also stated, "Weight is-the commonly used term foF nrass."> 
These recommendations are consistent with those , made by 
the American National Metric CounciK which favor. *'the; ei^ 
spellings^ the symbol L for liter, da for the prefix deka. and'tfre term 
weight foreverydayvuse. They recommend dropping the comma to 

^separate groups of digits. Th*e digits in a numeraf should be 

'sej^rat^'d info groups of three, counting both to the left and to. 
'the right of the decimal point. A space the same width as that 
formerly occupied by the comma should, be placed between the^ 
groups of.digits.*' . ^. ( 
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Examples:^ 342 497.243 7 

. j- 0.423' 73 . 

The recommendations of these t^o agencies are believed jro be 
forwfard-looking; they are, therefore; incorporated irvf^^ this 

•book. : , ^ . ' -X 

Before specific units are presented, tjje metrip-fr^evvork of 
prefixes will be explained. The overriding beau^f«:ietrics is the 
. consistent, clear pattern that pervades^the sjstem. Instead Qf 
repeatedly vvriting the expressions for* 100 tJmes the unit, 10 
times the unit or 1/10 timfes the unit, we ado^^e prefixes /i^c/o/ 
deka, and dec'u The scheme is efficient and easily learhed. These 
prefixes are used with the various metric units whether of 
length. Weight, or capacity. The mor&xommonly^used prefixes 

foiiow.8 • ^ • ^ - : 



Prefix 



mega 
' , kilo 
hecto 
deka 

deci 
centi 
milli - 
micro 



Symbol^ 



Pronunciaiion 



M 

k 

h 

da- 

d^ 
c 

m 

M 



as in m^^nphone 
as in kilowatt 
heck'toe 
^deck'a {a as in about) 

as in decimal 
as in 5fn/imen^t 
--as in military 
as ixi microphone 



A dilemma awaits each teacher concerning the units. to be 
taught. The choice is between teaching the structure and- 
relationships of the system or teaching what is practical and 
useful. The advantage of stressing each position ' will be 
presented. » . 



Teaching Structure. There has been considerable agreement^ 
among educators during recent years that if the learner can see a 
pattern of relationships among concepts, learning is easier and is 
qot as readily forgotten. This principle applies strongly to 
learning the metric units. If the similarity between money, place 
value, and the metric system is to be stressfed to the fullest, all 
units need to be'prese^ted. Following are the three decimally 
based areas for metric length, money and place value. 
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Metric . ' kilometer hectometer dekameter meter decimeter centmeter millimeter • / 
Money - $1,000 $100 - ^$10 ' $1 ^ * $.10 $.01"^ $.001 

Value thousands hundreds Mens ones tenths hundredths ttwusandths*. 

SanTC'Tihi<;ators feel that omitting the little used length uni* 
hectometer is as\erious as leaving out hundreds in place value. If 
the hectometer lis left out, the pattern is broken and the total 
picture is difficult to see. 

• Teacfiing the Pr/ctical and Useful. Educators^ who stress teaching 
only the mos>4requently ysed units Jjeliey^ that teaching all 
units Unnecessarily complicates the system and causes students 
to become overwhelmed by the large amqunt^of material. The 
uAitsr of each quantity that ^re used most frequently in the 
practical, eve'ryday world follow. 



Most Commonly Used Units 



Quantity 


^ : . Unit 


'Symbol ^ 


Length' 


kilometer 
meter 
centimeter 
millimeter 


km 
m 
cm 
mm 


Weight . 


<i 

metric ton (1000 kg) 

kilogram 

gram 

milligram 


t 

kg ^ 

8 

mg 


Area 


square kilometer 
hectare* (dam 2) 
square meter 
square centimeter 


km2 • 
ha ^ 
m2 
cm^ 


Volutne^ 


cubic meter 
cubic decimeter 
ctfbic centimeter 


m3 

dm3 ' 
cm 3 


Capacity 


liter 

milliliter 


mL 



* Accent the first syllable. The second sylUible should rhyme with cares 
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Quantity 



Most Commonly l)^ed Units— continued 
• ^ Unit 



Time. 
<^ 

■ 'V- ' 

*• 


. ' ' J. ■ 

houf 1 
mln'ute ^ ' J ' ' 
\ secpnd 


. d 
h 

min 

s 


Temperature, 


' degree Cei/ius 

. ' ^ 





The aVithor bdlieves that the structure approach should be 
j^ressed with chjfldren in the initial stages of learning the metric 
system. Showing the direct similaritie|between metric, money 
and place value has strong pedagogical value. It is a good learning' 
practice to demonstrate to a child\that the metric* system is 
structurally no different from 'two other situations with which 
he dr she is familiar. The student should not be too upset to learn 
later^that a hectometer is used very lijttle once he or she gains an 
understanding of the metric patter^^ 

Comparison oLEwtical Units. Even though comparis'ons between 



units in the custorfha^-y system and the metru system-ate to,be 
discouraged with children, it-may be helpful f^r adults and older 
students to cofnpare the two system?^. Some of the follo'wing 
comparisons are made with metric units ar\s^ some with 
cjistomary units. 

How will we measure length? • - 

a. B^f usiVg^e millimeter (mm). A millimeter is abiut the 
thicknessof a dime. 

b. By using th^^entimeter (cm). A centimeter is about the 
wickh of a woman's small fingernail. \ 

c. By using the^eter (m), A meter is slightly longer than/a 
• yard. L \^ \ ■ 

Hqw will we measure capacity?* , 

a. "By using the milliliter (mL). Five milliliters are equal to 
one teaspoon. 

b. By using the lifer (L). The liter is a little more than a quart. 
How will we measure volume?** 



•The amount a container will hold is called capacity. 
•Tl^e amount of space inside a container is called volume. 
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• , a. By using the cubic centimeter (cm^). The cubic centimeter 

holds one milliliter. ^ 
\ b. By usihg the c^hic decimeter (dm^). The cubic decimeter 
. ^ holds* a liter. - ^ 

c. By q§ing the cubic meter (m^), The cubic mete^^(4lds a 

kiloliter. Full of water, it would weigh a metric ton. 
How will we measure weight? \g ' 

a. By tfie gram (g). A regular M&M candy weighs about a 
gram.^ A dollar bill Weights a gram. A^ickel weighs five 
■. . , ^ams. , ' ' ' 

. b. By the iiilogram (yg). A kilogram is slightly heavier than 
^ two pounds* / ^ ^ ^ - 

rtow will we measure temperature? ^ • * . 
. By tl^^degrte Celsius.* XDne degree- Celsia'^ ([°C) is^ap- 
proximately twicp as large^as one degree Fahrenheit.*, ^ 

'Metric Scope ^nd Sequence.* Sdnce the United States has decided to 
go metric, there is'no reason to spend miich time discussing with 
students and colleagues the advantages^nd disadvantages of the 
new system. The main tjuestions now center around scope and 
sequence; or (1) How much?. and' (2). When? 

Even tkough children' vary considerably in . their ability to work 
in a meaningful way with measurement, giiidelines should be 
established on when \o teach specific measurement concepts. 
Richard Copelahd, who not-only has interviewed Jean Piaget/but 
has made an extensi-ve study of his, research, states: 

■" -^ . . . If systematic measurement's to be"taught"it s'hould not 
' be presented before the latter. part of what is usually the fhird 
grade. Even th^n, for, most children it will have to be an 
experimental or tnal-and-error readiness-type 'experience. The 
necessary concepts, as usual, develop from within rather than 
without for operational understanding. You cannot tell children 
how to measure. . . they should be allowed to experiment and try to^ 
solve jneasurement problems for themselves. The teacher should 
playthe role of questioner in moving toward the objective desired. 
The necessary conceptewill develop (1) wKen the child is old enough 
(eight and one-half, according to Piaget), and (2) when he is allowed 
to operate on (experiment with, manipulate) objects used in 
measurement, ^oth conditions are necessary for.rhe operational 
fhought necessary to perform measurement." 



The Celsius sc*le is identical to the centigrade scale. Common usage ppefers 
Celsius over centigrade. 
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In 'preparitig' for implementa^on of the metric system in 
Hawaii, ^King ariU Whitman described the outcomes of their 
research: "Our findings are consistent with those of,Piaget and 
suggest that our students do not possess the concepts necessary 
for understl^ir\g measurement until sometime during the third 
grade/'io - J. A ' 

They decided that for kindergarten- through second grade 
mS^t measurement activities would be tual-and-errdr rea4iness- 
type in order tTOll^w the child to develop measurenrfent and pre- 
measurement concepts usin^noristand^rd units. Instruction in 
formal measuremen^using standard units would be emp^hasized * 
in third grade iind an understanding of measurement would be 
achieved by the end of sixth grade. » 
^ This author feels' some unefasiness in suggesting that 
kindergarten, first, and second grade teflthers not become- • 
involved in teaching standard measures such as centimeter and 
V meter, becau^ehe is aware of specific situations {vhere teachers 
on this level ha^^e^had very ce\varding metric nnits. After taking 
an in-service opurse many primary teachers - become very 
enthusiastic about the metric system and want to jump in and 
help their children- master the, new system. This feeling is 
laudable. It seems reckless^Jiowever, to suggest going against the 
available research. Since children vary greatly in their readiness 
to pursue .academic topics, each teacher must use his or -her^ 
professional judgment 3S to when jhdividi^al students are ready 
for the transition to nieasuring ^h1e JenSfi, of the room in 
centimeters from hands, pencils, etc. ^ 

An bbservant teacher can readily determine when a chil4;>is 
ready to measure with standard units of centimeters and mete/s. 
In first or second grade the teacher might lead a discussion as to 
whether or not the two opposite walls of the classroom appear to 
be the same length. The teacher might then sugge^st that the cjass 
measureytrne two walls using a nonstandard unit, such as shoe 
lengths/After carefully selecting two children with shoes of 
dif fer^t length§, the teacher might say, "Bill, use your shoe and 
measure th^ wall. Susan, use yoqr shoe and. measure the wall." 
Wh^n the measuremertJt^^-^are completed, most^ children will 
accept the fact that one. wall is 35 shoes long and the other 41 
shoes long. However, the member^ of the group who are uneasy 
and^ques.tion what is wrong are the ones who are ready to use thfe 
more formal measuring of the standard unitsT5f length of the 
metric system. For your convenience,- the activities of this book, 
are divided into (l) nonstandard measurement actwi ties and (2) 
standard measurement acUyities. 
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S - * . ' ' . 

Accompanying the change to the metric system ar^wb scope ' 
and sequence difficulties: an, earlier rleed for di^cimafs ^^^ui^ 
negative Clumbers. Since the metric system is a deci mal system 'of • 
measui^ement with all units divided in tens, there is much less 
need for fractions saqh as fourths, Eighths, twelfths, thirty- 
seconds; etc., and more need for decimals.- Despite this change of . . 
emphasis, ,no educators are advocating the elimination of 
-^fractions from the curriculum. Many educators now agree, 
howeveJ-, tha^ decimals shouldj^offe^ at an earlier age with 
the introduction of beginning concepts in grade four. In'general, , 
fractions and decimals w'A\ chang^laces in the Sequence of'^he 
mathematics cOrritulum in the elementary school, hv+s -an-' " 
ticipated that as fhe metric -.change nears. completion, 'and the 
*need declines for more complex fractions (such as fourths, , * 
eighths, sixteenths and sixty-fpufths), the time spent on such • ' 
fractions will-fe^ greatly reduced, 
!^ Some teach^^; will anticipate this change with a greaideal of 
enthusiasm whjfe other^will be displeased and not understand""^ 
'th^lesser importance that fractions'will eventually possess. The 
cofning of the metric system may be less of a shock for some 
teachers than the realizatioh that decimals rather than fr^ctibn^ 
will have* becon^e^the backbone o^ rational numbers; 

The earlier need for negative numbers will dictate th^t 
integers be taught sooner in_^a child's educational career; The 
main need comes in using the Celsius ^scale where 4II 
temperatures below freezing must be ex^essed in negative 
^ numbers. Teachers of 4 strong science pvog/mm have long been % 
aware of an earlier need for a knowledge dt negative numbers. 

The Use of Diagnosis. As metric emphasi^^rs underway, it will ' 
bec(^hie necessary to diagnose a child's knowledge of the metric ^ 
system. It is true tl^^egardless of grade level, if he or she is • 
unable to CQpceptua^^^metric measures, that chiid^needs more 
concrete exper^encd^^Kthose units. It«^s also true that if he of 
she can conceptuai^HBI unit^, that child does not need more 
and more concrete experiences with onFy slight v^ri^ions. For 
the next several years the degree of metric emphl^s^J^^m 
classroom to classroom will vary considerably. It behooves the 
conscientious teacher, therefore, to find out exactly what the - 
child learned about the metric systeip before coming to a new 
class. This diagnosis can be made from a pencil and paper test 
where students are diagnosed on their knowledge of the system. 
A diagnosis could also be obtained by asking questions orally 
such as'-HA/hat is the teacher's height in centimeters?" If the child 
resjjpnded with 20 cm. or 200 cm, you wDuld know ^measuring 
activities were nee^td^ ^> ' 
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M ATHEM ATICSpF METRICS' ^ 

' This section is designed to facilitate \the teacherS^task in 
reviewing or learning for the first time the mathematks im^olv*ed 
in working with metric units. In no way should this presentation 
even- hint tha^'t tKe .abstract, pencil and paper acti\nUeV^hqyld 

''precede concrete experiences with the rrifetric units. Suice adiflts 
are often impatient learners wanting to learn the new material 
right novv, tnis ^bstjract section is placed at tHjs^l^^on/in the^ 
book. Remember, ^-Qu want to gain (l) an understanding oT thV. 
metric units and u) aaabilit\f\to change from one metric unit^ 
another. This section is^esigned to aid'yoa with the second goalT 
After working tfiese problems, yoif: wiJH agree tfiat -^e 
mathemjatics involved is riot difficulf The person who un- 
derstands, how to multiply'^ancl div/de .W'rtloving the decimal' 
poii^ will agree thai the metric systeftr^ the 'easiest measure- 

\ment system' ever devised. . * -n v ^ * 

The first st^p will be to review ^the "metric prefixes, The six" 
most of teVi used prefixes, ttieir values^, their symbols and the uni^ 

;ar^ as £ollows: :>v 



Prefix' ; kilo , hecto, deka unit de'ci ^ ceriti^ mill.j-,; 
^ Vahje*" 1000 100"^^ - 10 ■ ] 0.1 .0.01 . 0.001 ; 
Symbol " k • h ■ da d , c - m 



These are universal prefixes and may be used with meter, gramr- 
or liter. In every case the prefix kilo is 1,000 times the unit, i.e,> a 
kilogram IS equal \q/1000 grams. ^ ■ . 

If you want to change 434g to kilograms, y/6u must decide how . 
many places and which direction to move ihe (fecimal point If ' 
you r^fer to the preceding table, you will notice fhat kilo is three 
places tQ the left of the 'unit which^ would represent' grams^ 
Therefore, you would move the decimal three places to the left^ ^ 
The answer would be 0.434Jcg: In changing from a larger unit to*'^ 
a smaller unit, you move thejjgcimal point the opposite direction. 
For example, to rhange 3.66 kg to grams, you woiilcJ move the 
decimal three places to the <ight. The answer would be 3650 
grams. Some additional problems follow. Remember', when 
going from smaller units to larger units, move the decimal to the. 
left, and when going from larger units to smaller units, move the 
decimal point to the right. * 
4 ■ ' f 
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) 



Problems: ^Answers wUlbe fou>\d on pages '28 and 29.) 



m. 29 eg =--^_dag 

n. 17 mg "= g , 

p. 24 eg = dag 

p. 342 mg =i g 

q. 42 dag = g ^ 

r. 34 hg . <= t.dag 
s/''32'l dg* -Ls^ 
{, 7634 mg =__ 
u. 632 mg - IJig 




jag 



j.. 3.62 'dg; =J_mg, 
k. >3-^ =_mg 



1. i 



eg. 



V. 32 dag ' , eg 
,j w. 4,9 hg idg 

1^ X. - 7.3 



I. 



Next you will find some fill-in question^' related to linear 
measures. The ^oblems cff^ worked exactly like^-^the pnecedirig 
J>nes on yyeighti In pr-oblem 2.^. fill in the*blanks vyith-numerioal 
values equal to 4000 meters. ^ / ^ 



a. 
c. 



4000 m 
i_ km" 

\ m 

dm 

m 



hm 



ie2_dahi - 




g 



mm 

h.'Lll^dr 



734 
43:6 



mm 



cm =. 



im 

. m 



.M65.km 



■k. 



m. 



. m. 
mm 
mm 



cm = ^m 

- ^ cm L m , 

= ' = 3.924 dm 

= hm - m 

l_a035 dam>_ 1- hm 

= y dm ^ m 

= m- = 0.349 Am 

1 6 



i ^,dam 

hm. ^ 

i.!^^— ^ mm 

dam 

, dam ■ * 

Udam^ \ 

hm 

j_dm *■ 

_km 



: 0.0039 
=— cm 
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n. dm =_ m = — cm , = 0-555 nim 

o. — m = — -^dm =_^ZilLhm = km' ^ 

Sbme of the following problems may cause you to turn t0 the 
appendices for conversions. If you can work these corrective, you 
are well on youf way to being -a metric expert. 

3. Convert': * * 

a. 750 grams to kilograms J 

b. . 472 milligrams to grams 

c. 75 grams to milligrams 

d. 3.2 kilograms to grams 

e. 730 kilograms to metric tons ^- ' 

f. .29.3 metricTtons to kilograms ' - 

4. Add: , . . ^ : • 

a. 7.32 kilograms + 490 grams. Give answer in kilograms. 

b. 34 kilograms +. 4963 grams. Give answer in kilograms. 

c. 250 kilograms + 7.1 metric tons. Give answer in metric 
' , tons. 

5. Answer: 

a. Are 1000 rhL more orjess than a quart? 

b. Is a mile more or le^sthan a km? 

c. Are 500 g more^r4ess than a. pound? 

d. If candy sells for 95 cents a pound, what should>{)e the 
selling price for one kilogram? 

e. What is the equivalent speed in kilometers per hour for 55 
rpiles per hour? (Round tO'fl^arest 10) 

The relationships that exist in the metric system between 
volume/ capacity, and weig.ht are beautiful. However,> from 
. Iteaching many metric iTi-service classes and workshops, the 
author is aware that sorne teachers find these relationships 
difficult to conceive. You iivill have a special appreciation for the 
metric system if you master, the following section. 



Metric'Relationships 



\ 



Volume 


Capacity 


Wei^^hi of Water 


1 cm^ 


mL 




1 dm3 


L 


1000 g 


1 m^ 


kL 


1 iVietric toh 
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U«ing thes^ relationships, work the following problems, 

6. a. IF a glass contaffTs 25 mL of water, how many grams of 
water would this weigh? . ' 

b. If a bucket has a volume of 450 cm>\ what would be\ the 
weight of the water if the bucket were filled? Give answer 
in kilograms. • ' 

c. Another bucket weighs 150 grams when empty. When/i7W 
with water, its total weight is 550 grams. What is the 
volume of the container in cubic centimeters? 

d. A swimming pool is 5 meters wide, 12 meters long and 1.5 
\ meters deep. When the pool is full, what is the weight of 
r the water in the pool? Give answer in metric tons. 

Answers: - 



at 


1000 


i. 3000 




420 


b. 


2300 


j. 362 


r. 


340 


c. 


234 


k. 63 000 


s. 


0.321 


d. 


3 


1. 70 


t. 


0.7634 


e. 


4.291 ' 


m. 0.029 


u. 


0.006 32 




32.1 


\ n. 0.017 


V. 


32 000 




4.21 


6. 0.024 


w. 


4900 


h. 


7400 


p.. 0.342 


X. 


7 300 000 


a. 


^4000 


4 ^ 


40 


400 


b." 


3 


3000 


300 , 


30 


c. 


0.3 


30 


300 


: 3 , 


d. 


39 


0.039 • 


0.39 


3.9 


e. 


0.73^ 


0.073 




73 


f.. 


, 0.734 


;73^ 


73.4 


0.0734' 


g- 


436 


'43.6 


0.436 


0.0436 ^ 


h. 


3.4 


■ 34 / 


0.34 


0.034 


i. 


0.3924 


39.24 


3.924 


6.(J03 92.4 


i- 


0.063 


0.63 


63 




k. 


0.35 


0.035 


0.0035 


0.000 35 


1. 


3900 " 


39 


3.9 


0.0039 
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m. 34.9 

n. 0.005 55 \ 

o. 3742 . 



0.0349 
'0.000 555 
37 420 



0.349 

0.0555 

37.42 



3.49 

0.555 

3.742 



3, a. 0.750 kg 

b. 0.472 g 

c. 75 000 mg 

d. -3200 g 

e. 0.730 metric tons 

f. 29 300 kg 

4. a. 7.810 kg 
b. 38.963 kg 

7.350 metriC'tons 




. d. $2.09 

e. 90 km per hour 

a. 25 g 

b. 0.450 kg 

c. 400 cm^ 

d. 90 metric tons 
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METRICS FOR THE 
NONMATHEMATICS CURRICULUM 

1 



No curriculum change of modern 'times is of the magnitude of^ 
the transition from the customary system to the metric system 
of weights and measures. The modern mathematics change of 
two decades ago was considered a revolution. The magnitude of 
that change, however, ca^K^ot be compared to the magnitude of 
the present-change. If you w^n'ta teacher, child or parent, you 
probably escaped most oF theViodern ttiathematics revolution. 
Uncles, aunts, grandmas and g\andpas never needed to become 
involved with modern math. 

Metric change ^It be differei|it because ultimately all citizens 
must become familiar with thp/new system. If they do not, they 
will be out of step wit l ftl^ femainder of the nation. Some areas 
which have changed or are planning to change are weather 
repdrting, grain exporting, med'icine and drugs, athletics 
(especially track events), bottling of liquor, manufacturing of 
automobiles and hardware fasteners, and photography. 

This nation is presenriy in the very early stages of metrication. 
Changing the citizens from customary to metjic will take place 
over many years. Even though gradu^al, it appeil^^hat changing 
the a^ult population is going to be very difficult, especially 
among those members of society who dp not. favor it. One 
commonly hears older faersons say, "I hope I am gone when the 
metric system comes irtto use." These people are hot sofjWuch 
opposed to the country going metric as they are to themselves 
being forced to convert. . \ 

It will be considerably easier to introduce the youth to the use 
of Vnetrics as their primary system of measurement, if they 
receive help and encouragement, at school in all areas' of the 
cutAc\x\\xm. Certainly they may be receiving little help out of 
^ool Hopefully, it will not be left to mathematics and science 
teachers alone to shoulder the entire load of teaching, the new 

system'.,,'- /. ■ . ' '} . ■ .■ ' ■ ■ 

The j^urpose of this chapter is io. present ^specificVays for 

teachers of the nonmathematics ciirriculuni to,aid in the t2t9k. 

Whether you are a teacher in a deparfxi\efita|izedsitu or in a 

self-contained classroom, Ihe s^me.prpe^duresawiir apply.. ' 

•Educators have known for . mart^^^^^^^ ibat * specific 

.applications enhance transfer. Teachers must Kelip students' 

. • .... ■ u . i 
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identify fatts that can be woven into meaningful generalizations 
and then provide for the application of the generalizations jn a, 
range, of situations. Th^^thor's goal is to offer ideas and sug- 
gestions to teachers of the nonmathematics curriculum so that 
th^y can provide the metric applications that will be so desperate- 
ly needed. It should be noted that transfer is fuTther enhanced 
when the applications encountered by the student outside of , 
school are similar to those used for instructional purposes. SinCe 
the school can only hope for metric experiences outside of school/ 
however, the main thrust in school must be for learners to see 
various applications as they move from class to class or from 
^subject to subject. Too frequently teachers teach metrics in 
mathematics and science but do not mention it in any other 
subjects. When this happens, many meaningful applications are 
overlooked. ' 

The following rock-bottom, basic principle should be kept in 
mind by all teachers as" they contribute to the m"etric changeover: 
be positive about the new system, build it up; don't bad mouth 
metrics, [^earners ^are going to hear many derogatory remarks 
abouLt^ metric system during out of school hours; it will be 
nfortun;?te if one of their teachers contributes just one word of 
opposition. Any teacher should be able to follow this principle. It 
requires no study of the new system, merely a realization that 
metric is here and is not going away.- 

Teachers who are in' a departmentalized organization rhay 
decide to present a metric unit that cuts{/across two or more 
disciplines. The various combinations of disciplines will not be 
mentioned'here. One example with which the author is familiar, 
however, involved two sixth grade teachers who worked 
together in preparing their students for the measurement of 
'temperature in degrees Celsius. The childre*L involved in this 
project functioned ijnainly in a self-containeq classroom but 
moved to a departmentalized area t© studyscience. The problem 
encountered by the science teacher was that sixth grade learners 
had difficulty reading temperature scales which . involved 
negative numbers. Since the science activities required that 
students be able to add and subtract readings involving integers, 
prelitninary activities were necessary to provide this preparation. 
The math teacher prepared the learners for the experience by 
'worTcing with ordered pairs of numbers which led to a natural 
introduction of such ordered pairs as 0 and 32, 100 and 212. The 
objective of the assignment was for ^he learners to be able to 
explain the relationship between the Celsius and Fahrenheit 
scales without the use of a formula. Both teachers involved with 
this integrated unit spolce highly of its success. Even though it 
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can be argued that the two 9ca|es should not be compared/, 
jtudents as old as sixth graders have l^d considerable contact 
with the Fahrenheit sc^le and can therefore gain meaningful 
Relationships by considering the two scales. The goal remaining 
is for students to use the Celsius scale a? their primary 
measurement scale^ 

The foll^ing discussion will be concerned with metrics and 
such curriculum areas as language ai:ts-reading, social studies, 
music, ^nd art. Science is not incli^ded since many metric 
f activities h\ this area are presently Available. 



Language Arts— Reading 

Those who teach language arts and reading overlook 
numerous occasions every day to include metric experiences. 
' These opportunTties are missed if a conscious effort isn't made to . 
stress metric .vocabulary, 'One problem that will be with us for" 
some time is that the stories in basal readers and trade books will 
change very slowly to include metric vocabulary. The trade 
^ books will not change. until replacement books with metric terms 

are purchased. Therefore, the reading teacher needs toadapt the 
present material \b include metric words. Any time a customary 
/ measurement comes up, the teacher can relate.it to a metric 

measure. If the story of "Danny the Dinosaur/' for example, 
states that Danny weighs 8 tons and is 60 feet long, the teacher 
can casually state thatSf Danny were here today, we wpuld weigh 
him in metric ^tOns or kilogramis and measure him in meters. 
Depending on the age of the .children, *an exact quantitative 
conversion to metric anits may be in order; At most grade levels . 
there are children who are capably of making these conversions. ^ 
r The hand-held (calculator could be used for solving problems of 
this nature. . / . ' 

The problem of obsolete.'measurement terms found in stories 
is not unique to the present; it is common for a learner to read 
literature of the past and run across a statement such as "The 
farmer plowed a furlong." This term is not understood, by 
, ' learners of todia/ and must be converted to a more faiy\iliar L 
' , expression, for who knowfe that 8 furlongs are equal to 1 mile?, 
Y-he teacher is , the person to provide the bridge between' 
historical and current terms. It may seem unbelievabje, but the 
^ard, pound, and gilllon will eventually become vestiges of the 
^ . past, while meter, kilogram and liter will become contemporary 
measurement units. 
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Language arts experiences of primary-age^earners can include 
contact with metric measures in the same natural setting as the 
calendar work used by many teachers at the beginning of each 
day. Weather reporting cartprovide such an opportunity with the 
pla,cfcmeht outside'the classroom window of a can to act as a rain 
gauge and a thermometei; to record temperatures. These two 
weather instruments will serve to measure precipifc^ition in 
centimeters And temperature in degrees Celsius. Such inforrrta- 
tion should be recorded lon a weather chart or on the calendar. 
Teachers of very young learners need to record data themselves 
during the early part of the year, but should ejicourage students 
to do the recording later in the year. / 

Language arts-reading teachers very effectively use "chart 
stories", with srhall groups in writing the learners'\)wn stories 
■describing actual happenings of the day. TKese stories carl easily 
be adapted to use metric vocabulary. A story could describe a girl 
named Maria who walked one kilometer to school. It might tell of 
her little dog that weighed 9 kilograpis. Other metric terms could 
be used to complete the chart story called "Maria's Metric 
World.", The teacher would first place th^ vocabulary on the, 
board or chart before writing the story as dictated by the 
children. 

The following story was written by a group of sixth graders 
after they had worked with a metric unit in rnathematics. They 
developed it in language arts for completion by another group of 
learners in the classroom. The metric vocabulary precedes the 
story. Words may be use^ more than once. - 

METRIC STORY 
... \ " ■ ■ . ' 

Vocabulary: Celsius milliliters kilograms 

Jllimeter ■ meters gram 
ometers liter - centimeters 

milligrams 

Jack lives 6,(1) frorrl; school so',he rides the school bus. 

One morning he.noUced thatlthe speedometer read 90 (2) 

per hour when tWyTvvere onlthe highway and 35 (3) per . 

hour in a school zone. Jack was wearing a coat as the temperature 

vyas 5^ C4) He was glad to be well frbm the cold he had Jast 

week. I;^is mother had given Kin\ 325 (5)^ of aspirin for it. 

Wh^i he got to scji^ol Jack Jearned that it was the day for the 
school nurse to measure^ and weigh the class. Jacl^was pleased to 

see that he had gained 2 (6) and was 4 (7) taller than 

a year ago. It must be because he drinks a (8) of milk every 

day. 
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At recess some of the children played football and Jack ran 10 

(9) for a touchdown. When Jack went t6 the cafeteria for 

lunch he drank 250 (in) ^^- of milk with his meal and then ate 

several pieces of M&M catiriy which weighed a (11) each. 

* After lunch Jack's class went to the activity roorri to see a 16 
(12)l-j_ film. At the end of the day Jack rode home on the 
school bus and ran in the house to play with his little puppy which 
weighs 10 (l3):__. It had been a busy day! 



1. ' kilometers 

2. kilometers' 

3. kilometers 

4. Celsius 

5. rfiilligrams 



6. kilograms 

7. centimeters 

8. liter 

9. meters 
10. milliliters 



11. gram ^ , 

12. millimeter' 

13. kilograms 



The following maze adapts well to a spelling unit on metric 
words. It could be used to introduce the unit. ^ 

DlRBCTiONS: Circle the metric words in the metric maze and 
cross them off the wqrd list. ^Thj6 words are 
written horizontally, vertically, .and cl^agonally.^ 
, . /I^hey are all Spelled forward. In the diagonal 
' words, the first letter starts at the top and the 

" word is written downhill. Some words overlap 

and some letters are used more fhan once. The 
following metric words may be found in the 
maze. 



temperature 


length 


ten 1 


metric 


meter . ^ 


hectare 


perimeter • 


dekaliter 


bas? 


kilogram 


measurement 


mltiute 


centigram <, 


standard 


second 


' ruler^ 


cube 


decimetier 


scate 


' centiliter 


liter 


calorie 

y 
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degree 
volume 
linear 
celsiu? 

thejrniometer 

gram 

capacity 

hour 

system ' 

milliliter ^ 

unit 

area 
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I. TEMP ERATUREDML P AEG BC ' " 

EMAT E R.F E E DRHE B E B B A ^ E 
/NHME A S UR EME NT ARNRHDN. 
, . , AHOL D UMERS HOED I HGFMT 

ME TR I CX E RTDGR AMOE TM I 
I CRDE KAL I T E r/f I EMDDHG 
NT S TUAE LDR L E J KTDR LQR 
- -UAVXZK I LOQRAMUE EZUDA 
• TRK L DKG p"QR S TUXR E A VHM~ 
E E VDW.XAYZD l ERDS ECOND 
*S F E C E N T I L I T E R. J K S L A D R 
TDRDDGNGDARLL INCUBEA 
, ' ASGE ADRHOSCWD ipA)VINS L. 

nm'acgaoedyheelnL^oi I 

DDR I WRHL E S VOL UMENTTT 
AOPMOLOP ETALOS ETAGAE 
' * RUL E R I U S P E TDTO; I HRGR 
D L U T H E R MOM E T E.R"L U P E R J. 
LpTEOCAP AC I TYOURS J KR 
MANRDM I L*L I L I T.ERMZX S A 

Social Studies' . 

Those who teach social stu4ies have untold opportunities to 
build metric concepts as well as to provide numerous-reinforce- 
ment activities for previously learned cpncepts. Social siudies is 
repleteiwith quantitative concepts that need more (foncept- 
building emphasis than received in mathematics. It is a mjfetalie to 
assume that a young learner knows the' mathematics concepts ' 
necessary to underatand'social studies. 

The study of space or.geggraphy^resent^e most x}b\N.o'Us 
Opportunities to stress m,etric measureijtterrfs'since, the measure- 
ment of maps will be changing from* miles to'kilometers. Young 
learners will need to, gain the concept of a kilometer. There is no 
better way for a clijld to learn this concept than for the social 
studies teacher to take the class for a kilometer walk in an area 
that has previously been measured. Social studies teachers in the 
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past have had children walk, a mile to unplerstand the concept of 
that Mn\t of measure. Walking the kibmeter wJll not on\)^he 
more appropriate but vyill be shorter, as a kilometer is only 0.6 of 
a hiile. Following the walk, the class can discuss locations that are 
one kilometer apart. The discussion can later consider longej; 
distances such as those from one city to another. This £^tivity 
will be a natural intro(Juction to map reading *nd scale drawings. 
Maps that record distances in miles can easily be changed to 
kilometers bousing a hand-held calculator, ^uch an activity has ^ 
proved quite successful witfl learners in fifth and sixth grades. 

Another reference problem might reFate to the unit of land 
area, the hectare. When learners in fifth and sixth grades are ready 
to study a/rea, the are can be introduced. Qne successful teacher 
relates the are to the size of a large garden. Obviously the hectare 
> would be explained as 100 ares. The social studies teacher is in an 
enviable position to provide concrete concept-building activities 
relating to the hectare when this, term is used in the textbook. « 
Again, walking around a Hectare to gain an understanding of its 
7 size is a strong concept-building activity. 

A third opportunity ior metric concept-building is during a 
J discussion of imports and exports, for the metric /onjias become 
the world standard for trade. Even in the United States, graim 
imports and exports are given solely in metric tons. The author 
has never heard one word of criticism directed towardthis policy. 
All indications point foward total metrication of the grain trade. 

For concept-building of the metric ton, a cubic meter may be 
assembled with twelve metersticks of dowels taped together. If 
the cube were covered and filled with water, it would weigh one 
metric ton. This activity has helped many students, young and 
.-bid alike, to conceive the size of a, metric ton. 

Mpsic * ' V 

How many songs do you knoW that use metric terms? Music 
\ teachers have told the author that they have looked in their 
Vmusic books and files and found none. Hopefully, after reading 
this short section on music and metrics, you will notonly become 
convinced tha^t it is your responsibility to help with the metric 
changeover, but that you will use one or more of the metric songs 
with your young learners. ' ^ ' . 

: Today most music is taught by a special music teacher;. It is 
commw tp find pianos in kindergarten fooms, but they are 
found mainly in the* auditorium area^r the music room. The 
suggestions presented in thts section can be used by the special 
music teacher or the teacher 6f a self-contained classroom. 

Numerous songs .in our society use customary units in the 
lyrics. Examples include: "I Love You a Bushel & a Peck" and "Five 
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Foot Two, Eyes of Blue/' As stated before, ho^^er/we do not 
find lyrics using- nJetric termglfi^songs of today. When one K-6 ^ 
music teacher^vyaslaskied, "How can you assist your learners in 
the metrfc changepver?" she replied, "I would hav^ to .write a 
song," She had prfevipu sly been asked to feport on the metric 
songs available to use witlv6hildren. She had hoped to find a song 
combining physical movem^^fit with metric vocabulary but found 
no such song. It was at this point that she decided she wfi^ldneed 
to write such a sonfe her^elf^ A son^ of this nature that involves 
actual rtieasurements with the metric vocabulary is not easy to / 
write. ThTsongs that follow were.written by teachers who teach 
young; learners every, day of the school week. 
' Theiif St song is designed to combine physical movement with 
metri(;^terms. Any music teacher can use this song after he or she 
has learned the physical lengths of a millimeter/ centimeter, 
decimeter, and meter. The song is ideal for second graders, but 
can be used with both younger and older children. It i6 sung to 
the tune of "The Old Gray Mare/' 

Lyrics wriUra^^y and used with permission of Mary Jo Kurtz, 
to^f^une of "The Old Gray Mare.'' 

ThesB^ric system's here! You'd belter learn it now. 
Here! You'd better learn'it now. Here! You'd better learn it now. The 
'Metric system's here! You'd better learn it now. Watch/us, we'll show you how. 
Watch us, we'll show you how. Watch us, we'll, show you hovy. The ' 
Metric systen^'s here! You'd better learn it now. Watch us, we'll show you how. 

Can you show a teeny-weeny millimeter? « ' 

.Teeny-weeny millimeter? Teeny-weeny millimeter^ • - . 

Can you show a teeny-weeny millimeter? Watch us, we'll show you how.. 
Watch us, we'll show you how. Watch us, we'll show you how. 
Can yoy show a teeny-weeny millimeter? Watch us, we'll show you how. 

• Can you show a very little centimeter? 
Very little centimeter? Very little centimeter? 
Can you show a very little centimeter? Watch us, we'll. show you how. 

. Watch us, we'll show you how. Watch ifs, we'll show you how. 
Can^you show a very little centimeter? Watch us, we'll show you how. 

' -r < , 

Can you. sh,pw a not-so-little decimeter? ^ 
Not-so-litt!e declrfieter?' Not-sd."ljttle decimeter? '-^ . ' ... , 

Cah you show a nof;Si)-littl^ declm«fer? Watch us^ we'll shbw ypO how- 
.'.Watcti us, we'll show you how: Watch" us, we'll' show you how. 
Can you show a not-so-llttle decimeter? WatSh u^, we'll show you how.- 

.Can you^ke a giant step that shows a meter? 
Giant step that, shows a meter? Giant step that shows a meter? 

• Can you take a giant step that shows a meter? Watch us, we'll show you how. 
Watch us, we'll, show you how. Watch us, we'll show you how. . ' , 
Can you take a giant step that shows a meter? Watch us, we'll show you how. 
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The second song was.written by a music teacher and a teacher 
of a self-contained classroom. They reported that a second ^rade 
clasjS. enjoyed the song a ^reat deal ahd *sang it at a*€chool 
program. It is appropriate for any age grbup, including adults. 



Lyrics written by and used with permission o'f Randali^ Bargdill 

and Leola McLain. / 
Sung to the tune of "Sing A Song of Sixpence." 



Sing a song of metrics and have a lot of fun. 
Metrics are the "in" thing and fun for everyone. 
We ci[\ measure tots otthings, it's really fun to do. So 
Listen very carefully and we will show you, too. 

We no longer walk a mile, we walk a kilometer. ^ 
When we buy a quart of milk, we buy it by the liter. 
Candy is my favorite, I used to buy a pound. 
Now I buy ifby the gram and pass It all around. 

Look at my new pencil, it's seven inches long. 
Oh! What did I hear you say, you're really very wrong. 
Take your pencil, lay it down besid*e a' meterstick. It's 
Eighteen centinjeters long; you see there is no. tricky 

Do you know how much I weigh? I don't mean in pounds. 
I don't talk that way tiow that metrics are around. 
I weigh thirty kilograms, that- is called my mass. 
You may not believe it, but I'm biggest in my class. 

We have a new thermometer, it's really very nice. We 
Read degreesjn Celsius, and zero will make ice.Jt 

Starts right down at zero and goes right on its way. . - 

Twenty-three degrees is sure to be a lovely day./ ' > , 

It's hard to think of big things and just how much they weigh. A 
Thousand kilograms makes a metric ton, they say. When 
Russia buys our wheat, they buy it by the metric ton. 
. I know all about it 'cause I'm a farmer's son. 

Kilometer, metric ton, gram and centimetej. 
Kilogram and centigram, Celsius an^ a liter. 
These are just' a few of the words tH^t we can sing. So . , 

Sing a sohg of metrics, for it is the coming thing. ^ ' . .i 

The third ^h<i last song was writferi by a teacherof a combined 
fourth and fifth grade. She wrote both the lyrics and the music to 
be sung by the children in her self-contained classroom while she 
accompanied on the gfeiitar. She reported th^t fhe fourth and fifth 
graders greatly enjoyed singing the song, and the guitar 
accompaniment is not difficult. ' 
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Lyrics and tune written by and u^ed vyith permission of 
Roberta Kinsinger.^ 



^^4- — — ^ ^ 


r 



















1. Chaqge'that yardstick to a me^ ter, change that quart to a 

?. Don't you wor:ry don't you fret, for there's nothing to re- 

3. You use ki- lo, h^c- to,^dek • a, dec - i/cen-ti.mill-i' U 

4. Then it's ki - lo, hec- to, dek - a, dec - i, cen-ti,mill-i' 

5. And it's ki - lo,,hec-to, dek - a, dec - i, cen^ti.mill-i- 

6. Change that yartistick to a me - ter, change that quart to a 

7. Don't you wor-ry doFft you fret, for there's nothing to re-" 



n - ter, and jump on the me - trie wag - on now.^ 
gret. The met-ric sys-tein's ea-sy if you try. . * , 
me • ter to mea-sure an-y length that you might find. ■ 
gram. They give the weights of eve-ry thing they can. 
li - ter — these give-the a - mounts thjat yofl de - mand 
11 --ter ^nd jump on the me-tric wag • on now. 
gret. The met-rIc sys-tem's ea-sy if you try. 




Art ^ \^ . . . ■ . 

Those of you who teach art have many opportunities to 
encoura^ students to use metric measurements. As one art 
teacher said, "The secrets are (1) use the metric vocabulary 
yourselj^very chance you get and (2) let the^students get as ' 
much real experience in actual measurement processes a5-> 
possible." Tj^^^eans to use metric dimensions rather than 
customarv^rfmmensipns. If the activity calls for yarn, be su/e to 
give thelength iti meters. If paint is to be mixed^ use cubic 
centi^neters or milliliters. ^If paper is fo be^ cut; give.^tjie 
dimensions in centimeters and ask the students to db*the cutting. 
If the art lesson calls for margins, give them in centimeters. If you 
fire 'a kiln, talk about the temperature in degrees Celsius not 
degrees, Fahrenheit. ' 

A very common art activity is to have the children draw an 
outline 6f each other on butcher paper. In order tjJ^fress metric 
length, ask them'^to measure the outline and^ ^record their 
height in centimeters on the oFawTr^^^ ' ^ 
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After collecting^eaves for the fall leaf design, ask the children 
to measui-e the length of the leaves in millimeters and to put the 
longest leaf in the middle .of th^desigfi. The length of the longest 
leaf should be recorded below the design in both centirrtefers and 
millimeters.. ^ 

When giving directions for making a mobile, give the lengths 
of the cords in ctfhtimeters.Jf it is to be a n\obile with geornetric 
shapgs exten^led frorf! a clothes hanger, give the length of the 
cords as: ' ' * ^ 

15 cm to hold the circle * . 
30 cm to hold the square 

45 cm to hold the ellipsje « 
60 cm to hold the triangle . ^ • • 

75 cm to hold f lie rectangle 



15 cm 





Meter Flower 



l£ the art activity is to make yarn flowers, instruct everyone. to 
measure J. meter of yarh to use in making the project. Ask the 
students to glue the petals to the center of a flower as, shown in 
the accifmpanying diagram. Each petal is jnade f romji 10 cm piepe 
of yarn. The center is a circle made of a 5 cm piecp'of yarn. The 
remaining 15 cm c5f yarn are u^ed in the stem. The centers of the 
petals may be colored. „ J 

The a^rt activity normally called the "magazine picture fokjf can 
be easily altered to use metric measures. A picturg^om a 
magazine should be selected and cut into2 centimeter strips. The 
strips are then' glued- tack in the same order on' a sheet of 
construction paper, except that a 1 cm space is left Ijetween each 
strip. The, effect of thespaces between the strips is interesting. ^ 

Paper/strip artjs readily adapted to metr^ measurement. 
Numerous paper strips 2*cm wide. and 6'cm l^mg should be cut 
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from various colored construction paper. Each strip Should be 
tightly wound around a pencil and glued. After slipping the strips 
from the pencil, they may be glued on a paper to form an animal 
or desigq. A beautiful three-dimensional butterfly can be made 
With the Curls. 

Directions for texture design art can be given utilizing metric 
weights: If a small design is desired, the directions would be for 
each student to weigh 5 g each of popcorn, beans, wheat and 
sunflower seeds. These are to be glued on a 2© cm x 25 cm piece of 
construction paper forming a desfgnjGr animal. Other materials 
may be substituted for those suggested. 

Directions for maki^ig church windows — a greatly enjoyed 
activity — can also utilize rp^tric units. Each student should 
measure and cut two 25 cm x 25 cm pieces of waxed paper. 
Different colore^, dc^yon shavings are then placed between the 
two sheets of 'vva^w/paper and ironed with a moderately hot 
iron. The resultihg product resembles a stained glass window. 

Summary . . ' 

The overall theme that cornes through in each subject area is. 
that the teacher should use metric terms whenever measure- 
ment terms are needed, fn many situations, you, the teacher, can 
learn the new system along with your students. You should 
remember that learners need many physical experiences with 
metric measurements. Most of the activities presented in this 
section call for actual nteasurement. 

You can assume that teachers of science and mathematics are 
working to change each learner from being primarily a 
customary measurer to being primarily a metric^measurer. Your 
role is to encourage and support their work. If the learner's only 
contact with the metric system is in mathematics and science, it 
will be a long and difficult ta^k to change him or her to the new 
system. Each learner needSnumerous metricexperiences both in 
arid out of school. 

You are in a ^^sition to talk up the new system as well as to 
provide reinforcer^ient activities. . 



MEASUREMENT ACTIVITIES 



This chapter includes measurement activities designed for th^ 
primary child who needs to develop* the concept of measurement 
as well as activities for the older learner involving morel 
sophisticated measurement. Examples of the former kind,, 
designed for kindergarten, first and second grade children^ are^ 
included in the first section. In these nortstandard measurement 
activities the learner doe's not become involved with standard 
units of metric measure such as liters, meters, grams, etc. 
, Activities are of a trial-and-error readiness-type which allows 
time for children to develop measurement and premeasurement 
concepts using such nonstandard units as finger widths, chalk 
lengths, pencil lengths, arm spans and strides. Emphasis is placed 
on the concept of measurement rather than on one correct 
answer. The exercises are designed to lead into the standard 
measurement activities which follow. 

The second section, metric measurement activities, includes 
exercise? designed as a tontinuatibn s>{ the nonstandard 
measurement activities. They start with concrete measurement 
at a beginning leveh Teachers who lack metric awareness will 
have no difficulty with the beginning activities of length, weight 
and capacity. These exercises progress from a very^elementary 
level to a more mature level. 

NONSTANDARD MEASUREMENT ACTIVITIES 
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Length 

A yoking learner'li^as a. built-in centimeter measure, for the 
width of his or her finger is approximately one centimeter. The 
width of an adult's small fingernail also approximates a cen- 
tiiTieter. This 'fact can be used irt measuring various objects in 
finger widths before the concept of a centimeter is discus^. 

MATERIALS: Objects to measure such as a new piece of chalk, a 
new pencil and a book. 

. NUMBER OF PARTICIPANTS: Any number working in pairs. . 

DIRECTIONS: Mea sure^e lengths of the objects by using the 
width of your index finger. After you have 
completed the measurements, check with other 
teams to see how your answers agree with their 
' - answers. ^ 

Length 

OBJECTIVE: ^To measure to determine the order of pictures 
from shortest to longest. 

MATERIALS: Numerous pictures of boats, automobiles, etc., 
cut from magazines, newspapers, or catalogs. 

NUMBER OF PARTICIPANTS: Any number. 

DIRECTIONS: Place the pictures in order from shortest to 



\ 
\ 

\ 



longest. You may want to use the width of your 
finger to measure the pictures. 



hength 

OBJECTIVE: To provide a concrete experience using a non- 
'standard unit of length, the finger width. 

■ \ - 

fATERIALS: Various objects such as papeiVclips, index cards, 
sticks of chalk, book, pencil, etc. 

NUMBER OF PARTICIPANTS: Any number. 



/ 
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DIRECTIONS: ThisS^tivity shpuld begin with the teacher 
explaining how to measure using a finger width. 

Sre^^should be' one station for each two 
children doing the activity. At each station, place 
one object so that children working in pairs can 
measure the object as they progress through the 
stations. After the measurements are made, the 
.^^teacher should lead a discussion concerning the 
"findings. ^ ' 



Length V ' 

OBJECTIVE: To compa're the lengths o/ concrete KDbjects. 

MATERIALS: Set of colored rods or strips of paper 1 cm' 
through' 10 cm. (No reference will be made to the 
metric lengths of the rods or strips.) 

NUMBER OF PARTICIPANTS: Groups of two or three chil- 
dren. 

DIRECTIONS: Provide each learner with the following rods or 

Number Length 

1 10 cm 

1 . 9 cm' 

1 . 8 cnf ' . 

1 7 cm ' ' 

' 1 6 cm , 

* 2 5 cm 

'2 4 cm 

3 cm 

' 1 ■ 1 cm 



Ask the^-hildren to place one of each strip or 
rod in order from longest fo shortest. Ask the 
children to hold up the longest strip QV-rod. Hold 
up one of the 5 cm items and ask how inany 5 cm 
strips or rods it takes to make the longest strip 
or rod. Vary this procedure with the strips or 
rods. 
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Length * . 

■ ■* , • 

(^)BJECTIVE: To order items according to width. 

MATE'RIALS: Three coins and three cards with arrows. 

NUMBER' OF PARTICIPANTS: Any number depending upon 

^available materials. 



DIRECTIONS: 




Place the coins in a triangle as shown. Place the arrows so that 
each points towcird a wider coin. 



Length ' 

OBJECTIVE: To compare the height of two learners in devielop- 
ing the concepts^f taller, shorter and the same. 

MATERIALS: None. • 

NUMBER OF PARTICIPANTS: Entire class. 

DIRECTIONS: Ask two children who are of unequal height to 
stand back to back in front of the class. Then ask 
the class to tell you who is taller and who is 
shorty., A^k two" children who are of equal 
height to^stand backvto back. Discuss with the 
* • class that the two class members are of equal 

height. Select one-third of the l^*rners and ask 
them to find a partner who is^taller. After thisis 
complete<y ask a different one-third of the class 
to'find a partner who is shorter. Finally, ask the 
^remaining one-third to find a partner of equal 
height. 

Length 

OBJECTIVE: To gain an understanding of tallest and shortest. 
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MATERIALS: Butcher paper, newspapers, glue, water-base 
^ ' ' paints and brushes. 

DIRECTIONS: Have children work in pairs tracing each other's 
outlines on butcher paper or newspapers that 
^ are glued together. 

These prof iles may be painted and cut out. Th^n 
they may be put in order tp find out the tallest 
boy, shortest boy, tarllest girl, shortest girl^ 
tallest person' in class and shortest person in 
class. ' ' ■ y 



Length - 

The ability to estimate is a desired skill th^t can be developed in 
learners if the appropriate activities are used. Measuring with 
body spans is such an activity (i.e., the distance that can be. 
reached from tip of finger to tip of finger with arms outstretch- 
ed). The distance will approximateone meter for young learners. 
T^his approach'develops estimating skill much better than the use 
of a meterstick or similar device. Normally the standard unit is 
not mentioned at least until the activity is completed, after which 
a discyssion may be heldrconcerning meter length. 

MATERIALS: None. 

NUMBER 6f_ PARTICIPANTS: Any number wOrkir^ in pairs. 

DIRECTIONS: Estimate the distance of the back of the room, 
the side of the room and thj? length of the 
chalkboard in body spans. After estimate^have 
been made>"make the actual measurements by 
^ having your partner count the number^of body 

spans or each dimension. Remember a body span 
is as far as you can 'reach with your hands 
^ stretched out to the sides. 



Length ' . ^ 

• OBJECTIVE: To provide concrete expedience with nonstandard 
measures while diagriosmg which children are 
^ ready to use standard measures. 

MATERIALS: None. ^ " ^ • - 
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NUMBER OF PARTIGIPANTS: Total class divided into two 

groups. 

DIRECTIONS: After a discussion of the fact that the two 
opposite walls appear to be the same length, the 
teacher'suggests that both groups measure the 
walls in shoe lengths. The- teacher should pick 
two^^hjldren (one from each team) who have 
different-sized shoes to use in the measure- 
ments. After the measurements are completed, 
a further discussion should be held to deter- 
/ mine which children accept th^ walls to be dif- 
ferent lengths. Those who accept the res^ilts are 
not ready for standard measures ofcfiSimet'ers , 
and meters. 
... ' . ) ' 




Length and Weight 

OBJECTIVE: To differentiate between longest, shortest, high- 
est, lowest, and heaviest and lightest. 

MATERIALS: Various objects such as toys, bdxes, bottles, 
pencils, etc. 

NUMBER OF PARTI^Pi^NTS: Groups of two or three chil- 
dren. 



^ARTI^PANTS: 



DIRECTIONS: Place several* items with each group before 
asking each group to select the longest item. 
Repeat the questions until all the words are 
used. During the exercise, some questions will 
arise, such as "If we lay the bottle dov^SP it 
becomes the longest item. "Questions lite these 
are developmental in nature and Have strorfg 
pedagogical value. For an evaluation have the 
J children perform the tasks individually as re^ 

^ quested by tKe teacher. 

1 ■■ -■ . 

Length 

This activity can easily be used as a transitional activity for 
introducing standard measurements. After completing it, you 
may want to pose the question, "How would you write to your 
grandmother and telpher the size of our classroom? Would \t b€ 
appropriate to use strides to describe the size?" Some students 
will mention that a standard unit should be used. 



4: 
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MATERIALS: None. 

NUMBER OF PARTICIPANTS: Any number. 

DIRECTIONS: Ask each child to malfra strip of paper as long as 
his or her norrhal stride. Suggest that the paper 
be used to measure the width ofrthe front of the 
classroom. After this is completed, lay the 
"lengths of paper on, the floor from shortest to 
longest. Discuss' why the classroom width 
va^riecl with the stride of different children. 



Weight / ' 

The amount of equipment needfed for teaching^weigjht ac- 
tivities discourages many teachers from involving students in 
weight experiences. This, difficulty is overcome by using readily 
available materials. The activity is designed to provide an 
experience with the concept of weight in an inforrrial approach. 
The teacher may wish to follow up the lesson with a discussion of 
standard units. Sinc^ the flashlight D battery weighs approxi- 
mately 100 grams, the objects can be compared to 100 grams. 

MATERIALS: Five D batteries, a plastic bag, and numerous 
objects to be weighed, i.e., chalkboard eraser, 
rock, book, etc. ' 



NUMBER OF PARTICIPANTS: Any number. 

r-DIRECTIONS: Detennine as clc^ely as you can the weights of 
the objects by holding an <?bjec^h one hand ^d 
as many batteries in the other hand as necessary 
to balance or equal the weight of tfie object. If 
more than one battery is required, you may 
place them in the bag for more convenient 

/ handling. ^ 

Weight ' 

OBJECTIVE^ To, mark the heavier object. 
MATERIALS: Sheets of paper showing objects. 
.NUMBER OF PARTICIPANTS: Any number. 
DIRECTIONS: Place an X on the heavier object. - 



Weight 
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OBJECTIVE: To provide concrete expenences with nonstand- 
* ard units of weight. Jr 
" . . ■ ^ ' ■ 

-MATERIALS: Balances and numerous weights such, as bolts,*^ 

n. . nuts, washers, paper clips/ etc. 

NUMBER OFI'ARTICIPANT^: Any numbW working in 

groups of three or four. 

DIRECTIONS: After a discussion of weight, the teacher asks 
, the students to wei^ a math book, chalkboard 
eraser, new. stick \of chalky etf. ^-The results^ 
should be given as so manv/bolts, washers, etc. 
ttlopefupy some students/will suggest that it is 
difficult to compare^tKe^eights of two items if 
one weighs 3 bolts-and the othe9f'l4 washers. 



OBJECTIVE: To gain the concept that area is measure on a flat 
surface. ' . 

MATERJALSr Newspaper or newsprint, scissors, glue. 

NUMBER OF PARTICIPANTS:-Any number working in 
' groups of two or three. 

DIRECTIONS: Lay a double sheet of» newspaper oil the floor 
- , and ask how many students can stand on the 
newspaper. After determining the number, cut 
out shoe prints and paste them on the sheet 
* ' after painting them. If desired, newspapers may 
be glued together to make an area of one square 
meter. The ar^a of the paper may or may not be 
stressed, depertding up4)n the readiness level of 
the students. . r 

Am 

OBJECTIVE: To measure the- area of the bulletin board with 
^ ^-concrete nonstandard units. 

MATERIALS: Several, sheets of construction'' paper. 

NUMBER OF PARTICIPANTS: Groups of two. 
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. . »» * ■ . ' 

DIRECTIONS: After the teacher leads a discussion concerning 
' the meaning of nrea, the; area of the* bulletin 

board is measured by pinning sheets of con- 
struQfTbn paper ^pn the board. If the > board 
doesn't measure evenly' in whole sheets; the 
remaining portion may be estimated or. sheets 
may be folded and cut before being pinned up. 

^ Variatiorf: The teacher could ask what other 

""items might be used to measure the area of the 
*^ bulletin board. Hopefully other-si?ed sheets of 

. ^ , * paper, chalkboard erasers, etc., will be men- 

tioned. * 



Capacity . 

In devejppiijj^ the, concept, of capadty, young learners heed 
experiences wtt^h nonstandard units.uThese activities provide the 
readinessjieeded before the study of liters and millimeters is 

begun^/^ ^ ^ : ? > 

MATERIALS: Various con^iners such as coffee can?/ milk 
' ' cartons, jars, ett:7and wat^er. One small container^ 
such as a frozen juicje can is needed as' the 
nonstandard unit of capacity. 

NUMBER OF PARTICIPANTS: Any*^ number-. 

DIRECTIONS: Determine the capacity of each con^in&r in 
' , ' number of juice containers. Approximations 
will be needed since most containers will not 
hold an exact whole number; of juice containers 
of water. After each coptainer is measured; 
arrange them in order of capacity. . \ 



Capacity " ^ ■ . 

OBJECTIVE: To provide a concrete experience with non- 
standard units of capacity. , . ' 

MATERIALS: Pop pottle caps, plastic cups, or smafl milk 
cartons. 

NUMBER OF RAI?TICIPANTS: Entire class, working in groups 
^ of two or three. 
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pf 



DIRECTIONS: After a discussion|<roncerjning the meaning 

capacity, ask tJrt'^hildren to determine jJhe 
capacity of the plastic Cups or milk cartons by 
/ , filling them with bottle caps. Discuss why the 
answers vary. 



Voliime 

In developing the concept of volume/ children need ex- 
periences where stress is placed on the c'oncept rather than the 
mathematical computation. This activity is designed to teach the 
concept of volume. It shoyld be used wirfi third, fourth and fifth 
grade students who have not previously developed the concept 
of volume:' 

MATERIALS: Small boxes of varying shapes and sizes and many 
centimeter cubes. 

NUMBER OF PARTICIPANTS: Depends only upon the avail- 
/ > ' ability of materials, 

DIRECJIONS; fill the boxes with the volume pieces and then 
count the pieces to, find, the volume. Do not 
^issign units. If it takes 25 pieces to fill the box, 
say the volume is 25 volume pieces. Arrange the 

• * * boxes in order from smallest to largest volume. 

' Children who are at ease with the volume pieces, 
may want tc^assign.the specific unit of cubic 
centimeters to the answer. . V 



Time ' 

OBJECTIVE: To provide a, concrete experience"*with a non- 
. ^ sta^idard unit oT time. , 

MATERIALS: Small plastic bottle filled with water with a hole 
punched in the bottom edge. 

NUMBER OS PARTICIPANTS: Entire class.' 

DIRECTIONS: After a\iscussion concerning time, measure 
how far mtoibers of the class *cari wrrte t ^ 
numbers whue all the w4.tCTsis running out o 
.the bottle. A . 
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METRIC MEASUREMENT ACTIVITIES 

"When you cannot measure it, when you cannot express it in 
numbers— you have scarcely, in your thbughts, advanced to 
the stage of science, whatever the matter may be."* 

^ Lord Kelvin 




*Thi3 quotation used by Science. A Process Approach (SAPAh to introduce 
measurement. 
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Length 

Aids for teaching metric length are far more available to the 
classroom teacher than aids for teaching metric weight," 
temperature and volume. The author can remember his school 
days when it was common for a meterstick to be lying in the 
chalkboard tray. Thfcstick was used by th^r^eacher mainly for 
jiuliilliig. NfcV'fci UdH TKi; mt ii U ^jIlIl' iiycd foir mea'suring. It was 
called the meterstick, however, and almost everyone knew that it 
was a little longer than a /ard. This brief contact with metric 
length -.describes the m^jor metric experience of many 
. Americans. Needless to say,' metric experience of this nature are 
no longer adequate. This section includes more length activities 
than activities fgr any other metric topic because of the avail- 
ability of length materials and because many teachers introduce 
the metric system witV'the, subject of length. 

The basic unit of metric length is the met^r. As previously 
fhentioned, the French in the 1790s defined the lengthel^the 
meter as one ten-millionth of the distance from the norfh pole to 
the equator along the earth^s meridian running near Dunkirk in 
France and Barcelona in Spain. In later years, difficul.ties in 
reproducing or comparing measurement-standards with a por- 
tion of the earth's meridian led France to construct a physical 
^standard of the meter of platinum-iridium. Not until 1960 at the , 
General Conference on Weigl;»ts and treasures was the defini- 
tion 6f the* meter based on the international prototype of 
platinum-iridium changed to the following: "The meter is th^ 
length equal to 1 650 763.73 wavelengths of . the kryptonr86 
atom in a vacuum." 



Length 

In order for students to think metric, they first must feel metric. 
Many activities involving measurement of linear distAces must 
be planned. These activities rekmire little preparation on the part 
of the teacher. Students should be encouraged to measure many 
physical objects in and around school. The activity included here 
is good, however, as jevery child can measure the lihes at the 
same time. If the assignment is to measure the width of the door, 
'it will take a considerable time span for a class to make the 
measurements. 

MATERIALS: A sheet of directions and lines for each child, 
^ ^metric ruler. , 

NUMBER OF PARTICIPANTS! Any number. 



i>3 . 



54 METRICS FOR ELEMENTARY AND MIDDLE SCHOOLS 



DIRECTIONS: Measure the following 'lin.es to the nearest 
1 millimeter.' Re^rd the answer on the>llne In 

^ * vjboth millimeters and centimeters. 



a.- 



c- 

d. - 

J. 

e. - 
■f.- 



-V- 



Answers;^ 

a. 80 mm or 8'cm 

b. 60 mm or 6 

c. 30 mm or 3 cm 



d. 85 mm or 8.5 cm 
w e, 35 mrn or 3.5 cm 

— f. iC!5 mm or J'0.5"cm u . 



Length — Diagnosis v ' ' , 

OBJECTIVE: To^estimate centim^^'ter lengths, . , : 

NUMBER OF PARTiciPANTS: Any number. , ' 

DIRECTIONS: Estimate the lengths of the following lines in 
centimeters. ' ' ' ' ' - ^ , 



b. - 

c. - 

d. - 

e. - 

f. - 



4- 



DIRECTIONS:,Estimate the Tolbwing: ; 

0 I an) _ljCTri tall.- 

. My'teacher is 1^ cm' tall. 



My desk is 



cm \6ng. . 



V ■ - . ■ • 

Length 

OBJECTIVE: To demonstrate t^h^t even traditional sayir^s will 
eventually becolrie out-of-date. 



Mciisuri'tunil Ailivitics 



MATERIALiS: The sayings as listed. 

NUMBER OF PARTICIPANTS: Any niimbor. 

DIRECTIONS: Place the sayings on tht chalkboar/ and ask 
. students to help you change them so that they 
use metric terms. Some children may wish to 
• '1;' just state equivalency uni^s in metric measures 
while s^ome mtiy want to completely rework the 
• sayings and state them in whole metric units. 

^ The latter is the more deslratle method. ^ 

"Give him.an it^h ^nd he'll take a fM/7i\ "* 

"TrafAc fust itich^'al^g/' * • 

"Walk a couritry'm/7^" 1 ' 

"He Jiit the ball a mile/.' 
» 

"A missji^ as^ood a's a'mile." " ' 

"I wbuld walk a million m/te for one of your smiles." • ^ 
"I wouldn't touch him with a ten fool pole." 
"There was a crooked man and he walked a crooked mile." 
•"A fojiFth down c\j\d inches to go." 
- • , ' , f ■ • 

Length— Cuisenaire Game 

" Since Cuisenaire rods hjj^4 metriylengths, they adapt well to 
tn^, beginning activities .^m^ teachijpfg length. This activity uses ' 
•Q«iy the six shortest rods that mleasure-1, 2^, 4, 5 and 6 cm. 
One set qF rods .is required for each of the two players. As you 
observe the leatrners playing the game, you will see them measur- 
ing the rods on the meterstick. This is exactly what th(& activity is 
d^sjigned to do, i.e., aid the players to become familiar with 1 
through 6 cm lengths. j 

MATiRIALSjy'One of Cuisenaire rods for each player, one 
\ ', • .regular cubical die, and a meterstick. 

" . ' >■ ■ ' 

NUMBER OF PARTI^IPAfSTS: Two. ^ . 



V 
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DIRECTIOINIS:, "Play moves in a cloclCvvise direction vVi'th each 
player rolling the die to determine whether he 
gets to place a 1, 2, 3, 4, 5, or 6 centimeter length 
along his. side of the meterstick. Rlay continues 
^ntil a winner has enough rods end to end to 
' '^exactly equal 1 meter."* ^ . 



Meterstick 



*Fr6m Kurtz, V. Ray: Ttachln^ Metric Auutmicss (St. Louis: The C. V. Mosby Co., 



Leitgth — Fiji in the Staircase 

This -activity is designed to accompany the p>ec9ding 
Cuisenaire game. Again, the purpose of the activity is to aid the 
players in becoming familia'r^with the 1 through 6 cm lengths. 



MATERIALS: 

/ 



One box of 
cubical die. 



Cuisenaire rods and one regular 



NUMBER OF PARTICIPANTS: Two. • 

DIRECTIONS: "Eachpl^r arranges a staircase of 10 rods. 

Each tFien takes a turn rolling the die to 
deterrtiine what length from 1 to 6 centimeters 
he may use to help^form a decimeter square of 
the staircase. If a player cannot use the 
designated length, he may not play during that 
turn. The first player Jto complete his square 
^ wins the game., The staircase and one play is 

shown in the diagram. Any combination of rods 
• may be used to complete each decimeter length. 
Rods may only be played .vertically."* 



•From KurtzV^V Ray: Tf.ir/iin<? Metric Awarenesf^ (St. Louis: The C. V'. Mosby Co., 
1976). • . - 



\ 



Measurement Activities 57 / 

\ . ' ■. . 

Length \ 

V OBJECTIVE: To measure height and reach. 

MATERIALS: Meterstick or metric tape. 

NUMBER"t)R^ARTICIPANf ^: ,A ny number'.^ 

. DIRECTIONS: Use the metric tape or meterstick to measure 
your height in centimeters. Measureyourreachv 
from finget'tip to fingertip. Are they the same?\ 
If they are the same, you are a square, Check 
with your friends to see if they are squares or 
rectangles. Are there more squares than rec- 
tangles in your class? 



Length 

OBJECTIVE: To use a visual aid when initially presenting the 
metric prefixes. This aid will certainly gain the 
attention of the children. 

MATERIALS: Eight bpx^s of various sizes. A tennis ball can or 
Pringles can may be used as the engine and jello 
boxes, toothpaste boxes, etc., used for cars. Paper 
_ for covering the boxes, magic marker, string or 

i' , 

DIRECTIONS: Cover the boxes with paper and label them with 
the proper desig^nations. Joirvvri^te^rs together 
wfth yarn. Omit the wheels iP^hey add to the 
• difficulty of the construction project. Use the 
train in the developmental pljiase of presenting 
the metric prefixes. . 



Metric 
Meteor 



kilo 




hoc to 




deka 


0 0 




0 0 


b u 



Base. 
Unit 



D — D 



dcci 



ccnti 



milli 

D — d 



Length — Bingo , ' , ■ ^ . . 

Length Bingo is designed to provide a review of the metric 
terms of length. The game should not be used until class 

■ b7 - 
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members are able to recognize the words and symbols of length. 
It is suggested that a seasonal or holiday flavor be added by using 
appropriate markers such as a bunny, Santa, pumpkin, turkey, 
etc. . " ' 

4k ' ^ 

MATERIALS: Bingo cards and. key terms asJ shown. 

NUMBER OF PARTICIPANTS: Eight student players and a 

called. 

"^DIRECTIONS: After preparing the bingo cards afnd two sets of 
key terms, the/game is ready to be played. One 
set of key terms shquld be cut up and placed in a 
box and used for cadiog the terms. These cards 
may be laminated. The other set is used for 
calling back terms after someone calls "Bingo." 
^ , SeasQhal figures may be cut and used for 

markers on the bingo card or one could be given 
to e^ch student for the free space. T)}e ways to 
bingo can be varied, i.e., horizontal, vertical, 
four corners or blackoyt. . 



K^Y/ERMS 



metejr. 


A 
m 


metric 


i^decimgter 


— r 

■A 

centimeter 


A 
5 

meters ' 


A 

dm 


A 
cm 


A* 

length 


A 

millimeter 


A' 

10 . 
decimetery 


A • ■ 
.entimeters 


B 

length 


vB , 
metric ' 


B 

meter 


B 

decimeter ' 


dm 


\ B 

millimeter 


centimeter 


' B 
cm 


B 

m J 


B 
10 

decimeters 


B ' 
, 6 
centimeters 


B 

5 

meters 


c . 

centimeter 


: C 
cm 


C 
meter 


■ c / 

decimeter 


— 
dp 


C 
m 


C 

millimeter 


c 

decimeters' 


C 

5 

meters 


metnd 


c . 

length 


C 
6 

centimeters 



LENGTH BINGO 
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LENGTH BINGO 



A 


B 


C 


A 


B 


, c 


Length 


meter 


dm 




length V 


1 meter 


cm 


cm 


Think 
' ^Metric 


centimeter 




6 

centimeters 


Think 
Metric 

< 


centimeter 


metric 


flecimeter 


millimeter 




metric 


decimeter 


m 



LENGTH BINGO ' / 
A ■ I# ;~C 



dm 


decimeter 


length 


m 


Think 
Metric 


metric 


meter 


cm 


centimeter 



' LENGTH BINGO 
A B C 



m 


*'1iqjetric 


m 

millimeter 


decimeter 


Think 
Metric 


6 

centimetVrf 


length 


5 

meters • 


cm 
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LENGTH BINGCJjy^ 



LENGTH BINGO 



dm 


N 

^ecimeter 


length 

^ 


m 


Thinls 
■ Metric 


metr^ 


cm 


dm 


centimeters 


LENGTH BINGO 
A B C ^ 


5 

meters 


» m 


6 

centimeters 


* 

centimeters 


Think . 
Metric 


millimeter 


millimeter 


decimeters 

^ -f ■ 


meter 



> A 
'» 


' B 


C 


m < 


^^ength 

-f- 


decimeter 


metric 


Think 
Metric 


centimeter 


dm 


millimeter 


meter 



.0 

LENGTH BINGO . ^ 
A ' B C 



dm 


6 

centimeters 


5 

meters 


L 10 
decimeters 


Think 
. Metric 


m 


metric 


cm 


length 
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Length 

OBJECTIVE: To estimate centimeter lengths. 
MATERIALS: Paper, pencil and centimeter ruler. 
NUMBEMF PARTICIPANTS: Any number, 




\ 



CTIONS: Without using a ruler, draw three lines (not in a 
stxiaight line) |i^)ihat the sum of the lengths will 
letefS. After you have drawn the 
,pre them with a ruler to see 
to 15 gsfrvtimeters. Have a* 
to see who can come 
jength. Change the 



total 15 ce 
three lines 
how dpsj 
con*e 
the <^loVy^ 
length;Jtn 





Length 

OBJECTIVE: Tome^r^ and then realize the 

leiigth of this^mn^^^ 



MATERIALS: Trundle whefij5r*feters 

NUMBER OF PARTlCIPAJRf^'Ahy number. 

DIRECTIONS: Measure off^^rfi^The khool ground. Have a 
classmate take your pulse while you are stand- 
ing or sitting. fL^cord the results. Next, run a 30 
meter dash and have your classmate again take 
your pulse. Graph the results. Compare your 
results with other students. ^ 

] . . ' . .. ■ • 

Length ' 

Most of your students will be mujji more familiar wijlh dnits of , 
the customary system than with tfnits of the metriifsystem. You 
can generally assume that they have little prior knowledgeof the 
actual length of a kilometefe You may wish to review that ^ 
kilometer is a little over 0.6 mile. This will provide students with ' 
an idea of the distance of a kilometer. The best procedure for 
teaching the concept of a kilometer is to have the learners 
measure off a kilometer distance. 



MATERIALS: Trundle wheel or appropriate tape measure. 
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NUMBER OF PARTICIPANTS: Teams of two or three mem- 
• " , ; bers plus a measurement team 

' of two or three members. 

DIRECTIONS: Ask the teams to estimate from'a be&inning 
point each of the divisions of 100 niet^s up to 
and including 1 kilometer. Each team is required ^ 
to place a mark at each of the 10 joints. The 
team doming closest to the true kilometer 
distance as measured by the measurement team 
is declared the winner. Five 'city blocks are 
"^approximately 1 kilometer in l(?ngth. 




Length • . ' ^. 

OBJECTIVE: To experiment with various pendulumi^lengths. 
MATERIALS: String and a weight. 

NUMBEJ^ OF PARTICIPANTS: Groups of two or three stu- 
dents. : ^ 

DIRECTIONS: Measure^a 1 m 10 cm ler^»h of string. Tie one 
end of the string to a nail, hook, etc., in a 
doorway. Tie a weight to the otb(er end so that 
the length of string between the \jveight and the 
hook is 1 m. Draw the weight b^ck and let the 
weight swing. Count, the numberiof swings per 
minute. Shorten the length of string between 
the hook and weight to 50 cm and repeat the 
experiment. What are your conclusions? 
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Length • 

You will find that a short review of the type of decimal 
problems encountered in metrics will be an excellent introduc- 
tion to the^ abstract part-of length. This work should involve 
multiplication and division practice with 10, 100, and 1000. 

OBJEtTIVE: To provide a review of multiplying by 10, 100, and 
1000. • * ' ^ 

MATERIALS: Problems duplicated from those given and placed 
on study sheets or the chalkboard. 

NUMBER Of PARTICIPANTS: Any ptimber. 

DlRECTIOf^S: Multiply by lo"^ 100, or 1000 as directed. 

1. 8 x,10 - 8.' 5.3 X 1000 « 

2. 90 X 10 1 • 9/ 5,47 x 100 
3.2.4x10*^ ' 10.^0.632 x 1000 

^ 4. 0.36 X 10 11. 0.376 x 100 

/ ^ 5. 5.9 X 100 " . 12. 1.346 x ibpO 

6. 0.63 X 100 .13.-0.34 x 1000 

7. 0.7 X 100 ^ 14. 0.7 X 1000 

Answers: ^ 

1. 80 * 'S. 5300 ' 

2. 900 "9.. 547 . ^ 

3. 24 ' 10. 632 

4. 3.6 ' ' ^ 11. 37.6 ; 

5. 590 ■ ^ 12. 1346 

6. 63, 13. 340 ^ 

7. 70' ■ 14- 700 

Length . • • ^ 

You will notice that wh^n dividing by 10 or a multiple of 10, the 
division is very easy. Actually the regular division process will 
not be used as soon as the learner sees that the decimal point may 
be moved to the left the same number of places as there are zeros 
in the dyisor. , ' ^ ^ 



64 



METRICS FOR ELEMErvfFARY AND MIDDLE SCHOOLS 



OBJECTIVE: To provide a review of dividing by^ 10, 100 anc^ 
, 1000. , ' . • 

MATERIALS: Problems duplicated from those given. 

NUMBER OF.PARTiCIPAr^(TS: Any number. 

DIRECTIONS: Divide by 10, 100, or 1000 as directed. 



1. 50 + 10 
.2. 51 + 10 : 
3. 0.7 + 10 
'4. 49.2 + 10 
5\ 763.7 + 10 

6. 7.63 + 100 

7. 773.5 + 1000 



8. 7963 + lOQO 
§. 94.3 + 100 

0; 0.7 + 1000 

11. 52.4 + 100 ' 

12. 0.763 + 10 

13. \0.34 -^ lOO 

14. 0.9 + >CO0 



Answers: 

4. 4.92 

■ f 

5. 76.37 

6. 0.0763 

7. ' 0.7735 



8. 7.963 

9. 0.943' 

10. 0.0P07 

11. 0.524 
^2. 0.6763 

13. o7o034 

14. 0.0009 

r 



Length Rummy 

OBJECTIVE: To add metric lengths of meter and kilorrteter. 

MATERIALS: 52 cards as ^ollovys: . 

• ' / 2 marked 500 m ^. ' • 

r 10 marked 250 m 
10 marked 100 m , 
10 marked .^'5 m , 
10 marked SO cm 
10 marked 25 cm 



/ 
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• ■ • ■ *^ 

NUMBER OF PARTICIPANTS: Three or fdur. 

• \ . ' ■ •. ■ 

DIRECTIONS:-*;^ Shuffle cards and deal seven to each player. 

The dealer placed the remaining cards face 
» down on the table and turns the top card face 
up next to the deck to begin the discard pile./ 

2; Play starts with the player to the left of the 
dealer. Player may take the top card from the 
face-down cards, the top card, fron\^ the 
discard pile, or the entire discard pile. HTs or 
her turn is ended by discarding a card unless 
' he or she has. run out of cards, 
\ J , 

3. The object \s to form and lay out a "book" of 
cards that equals 1 km or 1 m.-'Sjidt^onally, 

' three cards of a kind^form a book. " 

4. Pla/* continues until a player runs tout of 
cards. ^' , ^ 

5. 'To score, a \km book is wdrth 3 points, aim 
book is worth 2 points, and three of a kind are 
worth 1 point. In order to encourage taking 
the entire discard pile, no penalty is assessed 
for cards held when another player goes out. 



Length 



_ 00 

JJOO 
JOO o 

0000 

JOO Q 



The following activities are designed to be worked 
with the assistance of the hand-held calculator. 
Students will be unable to work these problems unless 
they have a thoroughgraspof the" value of each metric 
unit of length. This activity is arrexcellent check on a 
student's understanding of metric prefij^ls and place 
value. 



1 

AaTERIALS: Hand-held calculator. 
^Number of participants-: Any number. 
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t)IRECTIONS: 1. Enter 2249.369 m into a hand-held cal<ijulator 

* . .add"^ V 39 m . . ^ 

✓^Subtract 9 mm ^ ^ * 

^ add 12 m 

fcr ' . subtract 36 cm 

^ .-..-J subtract 23 hm ^ . 

' . What do you have remaining? (0) 

2. Enter 1364,112 m iritoa h^nS-held calculator 

Subtract 12 cm 

\ ^ add 36 m, 

add ' 1 hm 

subtract 1 dm , ' 

add 10.8 cm ^ , 

What dd you have,remaining? (1500 m) 
(Mor^iffici;^lt) 

3. Enter>^3^.333 m ^ . • / 
subtract 3 hni 

add 2 km ' , ^ 

subtract ' 3.3 dam , 
subtract . 3.33 dm 

V What do you have remaining? (5000 m) 



The following activity is designed to follow concrete activities 
where learners have .had^the opportunity * to experience 
millimeter, centimeter, meter and kilometer lengths. 

OBJECTll'^i To provide abstract experience with metric length 
terms. j 

>* • 

MATERIALS: Duplicated sheets of problems as giveru^^ ,. 
NUMBER OF PARTICIPANTS: Any number. 

■ • / .. \ ■■ V, .; • . 

DIRECTIONS: -Write the proper metric equivalent in the blanks 
provided. ^ 
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1. 1 m = 

2. 1 m = 
. 3^ 1 km = 

4/- 1 cm ' = 
^5. 1 mm =^ 

6. 1 m = 

7. 14 m = 

Answers: 

1. 100 

2. 1009 

3. lOoT 

4. 10 
, 5, 0.1 

6. 0.001 
.7^. 1400 



- cm 

- mm 

- m 

. mm 
. cm 
. l<m ' 
. cm 



■4 



&,' 170 m 

9. 1362 m 

id. 732 cm 

,11: 0.432 kai = 

12. 0.93 mm = 

13; 342.c^ = 

14.' , 46r3;cm = 

8. 0.170 ' - 

9. 1.362 

10. 7,32 

11. 432 > ' 

12. 0.093 

13. 0.003 42 

14. 4.63I 





ERIC 



68 ^ ' METRICfS FOR ELEMEtsITfASV AND MIDDLE SCHOOLS 

WEIGHT v 




As explained earlier; there is some disagreement as'tovvh^ther 
one should use the term mflS5.aru?ej^/t/ wnenxeferring to yvhcltdne 
r^ads when steppfjqg on-'tr^je- bathroom scales. Tbis book 
recognizes the diffef^nc^e, between, these two terms but for 
everyday use recommends the cpfnmon term wi^eighl* Ii4 technical 
and scientific work- a clear distinction should be made. ' v 

Weight activities^are'pilated after length activities Tn this book 
becawse weight matjariallS sucFPS^scales and known weights are 
^mbre cHfficult to obtain' than-^meVersticks , and tape measures. 
Since the'^succes&ful cQjiiif^letion'Ibf a^esson for students without 
a feelHfor metric fn^ures .rdjes .heavily upon the use of 
measurement cle>)^icei5; liengtb a'cttyities should precede weight 
activities. Teachers inform the a^lithor repeatedly t^at they have 
littl^ access to^mjetric scafes. TKis;situ^ition is slowly peversing^ 
itself. Among the (ew places wh^e metric scales can be found are 
those schools, VN^'ere sci^rtce programs vyhich include weight 
apparatus^ll^^ibeen purchased: j^e sur^ and check a*round your 
building ;forfxheiric scales thaf^n'Isiy be stored in unused science 

Numerous balance scpe's available for -purchase. Each 
classroom should have acdess/tojal least^n'e commercially made' 
scale (injthe twenty-fiv^ doHctrnrange) and weights. One scale is 
no^t enough; however, if.tRe-g(5al is*to provide^ach student with 
weighing .ppportMnities. Thej^ are various plans for. making 
balance scales from milk oartoh^; coat/hangers,, etc.^ucb scales^ 
•are satisfactory. ' , _ 1'';^- ' - ^ 



Measurement AcHviHe<i 



69 



Hundreds of the following balance scales have been made and 
proved to be highly adequate. The cost of materials is ap- 
proximately forty-five cents. The scaJe is sensitive and will easily 
vweigh an object.as light as 1 g. The only weakness is that thi^ 
scale will weigh only items that fit into the cups. Some teachers 
have asked the lofiS^ woodworking tocher to do the woodwork 
involved. Such a t2fsk might be welcomed by a student in need 
of a project. ' \ / , 

Large arm balance 




"MaUrials: Balance arm is made from pegboard and pivots. on a nail 
through the stand. Cups are of Styrofoam, approximately 4 cm deep: 
Stand has a large dowel rod approxima^tely 3 cm in diameter. Base is any 
suitable piece of wood. Rubber band may be moved in or ouf to balance 
arm."* ' ' / 



*From Kurtz, V. 
1976). 



Ray: Tmr/iinif Metric A'iVarenei^^ (St. Loui: 



Comrfiercially nrrwie— metric weights suitable for use in 
weighing are expensive and difficult to keep. These weights are 
usually made of brass, and are quite attractive. Teachers report 
that they either get jpst or<^alk off. An activity is presented in 
this section describinga procedure for preparing known weights. 
They are fun to make and work well, in weighing^^^activities. 
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Weight Diagnosis j, ? ^ 

In general, your students have had^ittle experience with 
metric weights. You will probably be safe in assuming that they 
need beginning e^tperiences with these units.. You C|n easily 
diagnose theic knowledge of metric weights, however Wivmg 
the test that follows. You may wish to use- the data fror« these 
tests in grouping class members for gr^ater-learnmg. Close 
^r^swers should be considered corrett. ; . • ' • 

MATERIALS: The test may be duplicated for distribution or it 
may be placed oi^ the chalkboard.. 

NUMBER OF PARTICIPANTS: ^Entire Class. ^ 

DIRECTIONS': Estimate the metric weights of the following 
items* Have your teacher grade ypur answers. 



Estimated 
'Weiglff 



1. A nickel ^ 


T~ 

r-tr 


. 2. A regular M&M Candy 


[-^ -V — ^ 


3. A paper clip 




4. Yourself ^ 




5. Your mathematics, book 





■Weight— M&M Weigh-in , ' , , 

Children love thi/activTty. It may have something to do with 
the fact that they get to eat M&M candies. This activity is b'ssed- 
on the fact that an M&M plain chocoUte candy weighs very close 
-to a gram. There is only, one drawback-candies are expensive. 
Perhaps you have some source of funds for the purchase of edible 
materials? ■ , 

MATERIALS: ^Balance scales,>nown 3 g weights and^M&fj^ 
plain chocolate candies. 



, NUMBER (5f .PARTICIPANTS: Any number of 
V, ^ • working in pairs. 



J 




ents 
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DIRECT^NS: "Each student may ^at 3 gralm's of M&M candies 
* after weighing them on the balance scaled. How 
much does an t*^&M weigh?"* 



V^eighl— Graham Cracker snack 

This activity is designed to provide an edible'experience for 
bath younger and older learners. Si/\ce one square of graham 
cracker weighs just over 6 g, an opportunity is provided for the 
weigher to nibble a little of the cracker until it balances tlie 6 g 
weight. ' , J - 

MATERIALS: Balanc^cales, known gTam weights and graham 
, crackersy , , 

NUMBER OF PARTICIPANTS: Any number. 

DIRECTIONS: "Each student is to eat exactly 6 grams of 
graham cracker. This may be accomplished by 
snippiflg OF breaking from one cracker until the 
amount remaining balances" a 6 g weight.** 

Even though as adults we are bound to the foot/pound^^ptem', 
with our help students face no such mental blinders. By 
estimating and measuring they ^ah be led to function as if the 
metric system were the only measurement system in e^^isWnce. 
The following activity is designer! to encourage estirhatiort of 
weight. Whenever possible, estimations of the object should be 
made prior .to the actual weighing. There should be a noted 
improvement between estimated weights and measured weights 
as the teams move through several stations. 

MATERIALS: Metric scales and^ objects to weigh. 

^NUMBER OF PARTICIPANTS: Teams of three or four de- 
pending on the^ number of 
weighing stations. 



*From Kurtz, V. Ray: Teaching, Mefric Awaren/.'if/{Si. Loiis: The C. V. Mosby Co., 
1976). . ^>^. . ■ |C 

**From Kurtz, V. Ray: Teai:hih<i Metru Awarenea^ (St. LoViis: The-C. V. Mosby Co., 
' 1976). .. - \ 
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DIRECTIONS: Place one object of unknown vpeight^t each of 
several numbered weighing stations/ Hgft&^^h 
{earn move frojn station to &tatiQfij^]^SPr^cor2 
• ing their estimated vyeight before weighing and 
recording the actu'^al weight. 

. " ■) 

OBJECTIVE: To match decimal equivalency with metric prefix.^ 

MATERIALS: Candy ^ox and puzzle pieces prepared as shown 
in accompa^wing diagrams. . 



NUMBER OF PARTICIPANTS: Individual students. 

DIRECTIONS: In the lid of a candy box, place the six metric 
prefixes. The decimal puzzle pieces are matched 
with the equivalent prefix and placed picture 
side up so that a picture will be formed when all 
pieces are correctly in place. This is a challenge 
to make but very rewarding for children to use. 



milh 



Candy box with puzzle 
printed in-the lid. 





10 




0.1 


0.01 - 


HX) 



Bottom 

Back side of picture, when 
puzzle pieces are in place^^ 




Picture when puzzle pieces 
are propierly in palace. 
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Weight 

OBJECTIVE: recognize metric weight terms. 

MATERIALS: Copies of the metric maze. 

NUMBER OF PARTICIPANTS: Any n^ber. ' 

, DIRECTIONS: All,thewordUisJted can be found in th^ ma^^B"£^f^ 
letters. The words read forward, backward, up, 
''down, and diagonally. Some words overlap and 
* some letters are used rhqre than once. Circle 

each word you find in the diagram and cross it 



metric 

matss 

weight 



off your word list. 



kilogVam 

hectog;ram 

dekagram 



gram 

decigram 

centigram 



milligram 
scales 



GENTIGRAMVXK 
B N X F W E I G H T R 
B D Z Y J D L WX X J L 
OSMDQLVBMGHZ 
JLKAIFXAEGES 
MARGRZRYTJCB 
LGRSOGKCRBTO 
TAGVAZIDIMOJ 
' M S R K P R N C C F G L 
ATENSCALES-RV 
S D Q B Z Y J D N D A G 
S X R K I L R AMR 



Wfighi^Metric Units ^ *. 

You should explain to your students that grams, arp used to 
measune the weight of small objects and kilogracks are used to 
measure the weight of larger objects. It takes ajfefout 2 raisins to 
weigh 1 gram and 5 medium apples weigh arbmit 1 kilogram. 
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MATERIALS: Copies oj this table^ 
NUMBER OF PARTlCIPANTS^ny^ number. 

DIRECTIONS: What unit of metric weight would you use to 
measure: , 



Unit 



1; A nickel ^ ' 


-0 




• 2. A dollar bill 






3. A man 






4. A car ' ^ 






5. Vr^giiJar M&M candy 






^.^^l^urself 






7. Flour in a cake recipe 






8. A sack of candy * ^ 






9 A package of Kool Aid ' 






^ * — —itr' 

10. A bo^ of Cracker Jacks 


■ '] 





• ENRICHMENT ACTIVITY: Find the metric weight of the items 

by any method you may choose 
' and^ record the weight in the last 

» column. ^ 



' Weight 

OBJECTIVE: Stress extensive us? of metrics in the everyday 
world. ' . 

T 

MATERIALS: Copies of list.. v 
NUMBER OF PARTICIPANTS: Any number. 
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DIRECTIONS; Take the following list to the grocery stor^^ 
\ record the net weight irt metric terms of each 

^ item. 

1. Smallest can of pork and beans 

2. Bag of marshmallows . 

3. Smallest jar of olives , ^ * 

4. Largest package of spaghetti 

5. Largest bag of dried beans 

6. Small box of Total breakfast cereal ' 
V 7. Can of Pet milk 

8. Largest loaf of bread * . 

9. Smallest jar of jelly v . 
XO. Milky Way candy bar . - 



OBjECtlVE^ To weigh 1 gram amounts. ' ^ ^ 



Weight 

hVE^ To weigh 1 gram amounts. ' 
MATERIALS: Balance scales, borrowed items guch as packing 



pieces, paper clips, sheet, of paper, etc. 

NUMBER OF PARTICIPANTS:. Any number, depending on 

. ayailaqility of equipment. ^' 

DIRECTION^: See hoW many items you can find that weigh 

about 1 gram. Make a list of thing's that weigh 1 

gram. You may need hiore than one of an item to 
weigh 1 grafh. »^ 

' Weight \ . , ' 

OBJECTFVE: To arrange boxes in order^ccording to weight. 

-^ATERI^LS: Four numbere(^ boxes of' similar size which 
contain 560 g, 1 kg, 1.5 kg, and 2 kg. 

• NUMBER O^ PARTICIPANTS: Individual or small groups. 

DIRECTIONS: Place the boxes in order from lightest to 
V ' heaviest. Then estimate ihe we'ight of each box 

, in grapns or kilograms. Weigh each box to 
determine the closeness of your estimate. 
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Weight— Preparation ofprinanent weights . 

Permanent weights ,are-expens(v^ and difficult to keep. The 
following activity is used every year by one eighth grade teacher 
to insure that eack student, has a set of permanent weights for 
use throughout the school year. He reports th^t he has the 
learners permanently mark their initials on the weights so that 
when one is found on the floor, the owner can be identified. ^ 

MATERIALb: Balance scales'^v^' cans;^ tin snips or heavy 
scissors, arfd accuwte weights of 1, 2, and 5 
... grartts'. ' • 



NUMBER OF PARTICIPANTS: Any number o 

working in pairs. 




.©■CDC 



DIRECTIONS: "Each team should cyt from a tin can an amount^ 
of metal a little heavier than the knovw^^w eight/ 
Small amounts of material should be snipped 
from the tin until t^ie scales indicate that the 
amounts are equal. In order to weigh up to 10 
grams' to the nearest gram, the set of Ve^hts 
needed would be one of 1 gram, two cff Z^ams, 
- \ and one of 5 grams. The nuinerical amount may 

"be scratched on the metal piece, of if number 
- punches are available, the number of grams may 
be punched into the weight. During the process 
of snipping, the sharp corner of the weights 

* should be trimmed. The weights are not con- 
* ' sidered dangerous if proper ' precautions are 

given as to' the sharpness of the metal edges. 
Children enjoy the experience of • making the 
. permanent weights; Vinyl floor tile may be used 
" with younger children if the danger of bein^ut 
- ^^/on the petd is coaaidered to be too great. 

* » ' ' * 
t " ^ ■ 

*Fcpm Kx^U, V. Ray: Jeachm^^ Metric Awareness (St, Louis: The C. V. Mosby ^oT, 
1976), . ■• . ^ ' " 



Measurement Activities 



77 



Weight 



(2 



oo 

JOQO 

JO O c) 
JOOO 



The following activities are designed to be worked 
V^ith the assistance of a hand-held calculator. The 
purpose of the activities is to demonstrate what 
happens when multiplying by the multiples and sub-.. 
multipleS'of 10, 



MATERIALS: Hand-Held calculators. 

NUMBER OF PARTICIPANTS: Any number. ' 

DIRECTIONS: Watch the display carefully after performing 
each of the following operations: 

1. Enter 3 g 

Multiply by 10 
Multiply by 10 
Multiply by 0.1 ' 
Multiply by 0.1 
Multiply by 100 

, Multiply by .01 - 

• » ' 

What do you have remaining? (3 g) 

2. Enter 3r333 g . 
Multiply by 10 

Multig^ly by 10 ^ t 
Multiply by 10 
Multiply by 10 
Multiply by 0.1 

\ ^ What do you hav.e remaining? (-3333 g) 



Weight — Gram-OTrummy 

^ . , ' . : 

This card game is designed to- provide reinforcement of the 
metric units of weight. Each of the seven uhits— kg, hg, dag, g, 
dg, eg, and mg— is used in the game: Alli=veed ^ be included in 
^order to stress that the pattefrn of the prefixes is^simifar to the 
pattern of place value and money, ^ ^ . , 

MAtERKiliLS: Twenty-eight cards prejjared with the following 
de§ignations:*'^our with.mg, four with dg, four 
with g, four with dag, four with hg, four with kg. 



and'|our with eg. 



7 • 
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NUMBER OF PARTICIPANTS: Two or three (more may.play 

if additional cacds of each 
unit are prepared). 
. » - • 

DIRECTIONS: "Deal 5 cards to each player. Place the remaining 
cards face down in a reserve stack and turn the 
top card over. This becomes the discard stack. 
The player to the left<»f-^e dealer begins by 
eithef taking the top card in the discard stack or 
' y , drawing a card^ from the reserve stack. The 

object of the game is to make a run of 5 cards in 
consecutive order beginning'at any ppint.,Each. 
player in turn, moving cpunterclockwise, 
either draws a card from the reserve sfack or 
takes, the top card from the. discard stack. He 
discards a card from his hand' each time he 
\ plays. Thefirstfplayer tegeta run, suchaskg, 
hg, dag, %. dg; or dag; g> dg/(^g, mg, laye his 
card&^ down and he is declared the winner. 
(Children won't stop playing this game.)"* 



OBJECTIVE: To state metric weight terms in a puzzle. 
MATERIALS: Copies of the accompanying puzzje. 
'NlUMBER OF PARTIQIPT^NTS: Any number, 
DIRECTIONS: Complete the puzzle. 

Across * 

1. A metric ^ isaoOO kg. , ' ' 

^: A nickel weighs approximately r 8- 

5. The tar in cigarettes is measured in 

7. Six milliliters of water would weigh grams. 

8. My mother weighs kilograms. 

< . " ' ' J. 

Dcjwti. ^ 

2. " A dollar^^ll weigh| — gram. . 
i. Heavy objects are fneasure*d.in 



5. Sometimes^we use the term instead of weight. . 

6 The symbol for milligram is . 

•From KTurtz,'^. Ray: leaf\uni Metric Awareness (St. Louis: The C. V. Mosb/Co^ 
1976). * ^ , ■ ^ ■ 
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V 



Answer's: 
Across 

1. ton 

4. five 

5. milligram 

7. six 

8. sixty 

Down 




Weight 

Abstra,ct activities such as the following sKould follow after 
numerous concrete activities, have been cotiipleted. After the 
"^^student has gained a feel for thegr^, milligram, and kilogram, 
he or she is ready to practice changing from one weight unit to 
another. ' . ^ ^ ~r-{/ 

You will find that showing students the following ch^t will aid 
in the conversions. ,* , 



kg hg dag 



g 



dg 



eg 



mg 



in looking at the.chart you see that when moving from grams to, 
kilograms, you move three positions (pi: decimal plades) to the 
left. Ther^ore, in the first problerafthe 1?)00 g would change to l 
kg. Ju^tCreverse the process when Jfioving frdm a larger unit^ 
smaller, e.ip./2pkg j>v<mld be 200o/g. 

MATERIALS: Copi;J.pf t^ fol 



NUMBER.OF PARTICIPANTS: 
DIRECTIONS: .Change^units as 



Dwing- problems. 
Any number, 
directed. 
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1. 1000 g . = 
. 2. 1000 mg . = 
• 3. 1342 mg = 
4. 1.34 leg 
'5. 0.7 kg 
. 6. 17 kg 

7. " 34 000 mg = 

8. 7^i^g 

9. 3400 g 
"ip. 29 g 




.kg 11. 3.9 g = 

.g • 12. 4.23 g /'r 

. g . 13. 200.7 mg ij? 

.g 14. 70.63 mg<^= 

.g 15. 239.6 g ^ 

.g . . 16. '3422,96 g^^ 

g 17. 272.g 

, g - 18.J;«723 mg 

kg 19. 0.027 kg 

, mg- 20. 0.001 kg . 



.11. 3900 mg^ 

r 

12. ' 4230 

13. 0.2007 g 

14. 0.070 63 g . 
3^Z39^600 mg . 

16. 3.422 96 kg 

17. 272 .000 mg 

18. 0.723 g 
.19, 27 g ' 
■20, 1 g , 



. mg 
. mg 
■fi 
g 

- mg 
.kg 
. mg 

■g 




AREA 
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m 
10 

9 

8 

7 

6 

5 

4 
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1 
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5 6 



7 8 9 10 1 
10m,x20iT^ 



18 19 20 



m 



\t is not uncommon for a3ults to be confused between square 
jjfiits and cubic, units. Thi^ confusion exists for two reasons. 
Firsi, many times measurement activities are not stressed, as 
rnuch. as compijtation-type problems. .There is reason to believe 
that 'geometry pages are among the most frequently skipped 
pages in mathematics books. Teachers spmetimes feel that there 
just isn't time for every thing and therefore somet^jing must go. 
Ma^y tipnes measurement goes. - ' 

A secortd reason for the confusion between square and cubic 
.units is that we rely almost completely on the printed page to 
teach area and volume. The two-dimensional page does not adapt 
weir to three-diirf^nsional shapes. This confusion be^cpmes quit^ 
obvious when^ 4earner says, "Now let's see, do you me^stire'the ' 
area. of thi^ surface in square centimeters or cuh'iC centimetets?'.' 
'^AnyjDne, young dt'Old, rhaking ^uch a stateitient needs concrete - 
experiences With area and volume. Cuisenaire jrods or similar^ 
rods are^a/i excellent place to start. 

The most comrinonly used metric units of area are as follows: , 

" ■ ■ ■■ V ■ ... •' . !'.. : 

Unit .'' ■ ■ - ~ 



Square centimeter 
\ Square meter 
■ Are (pronoui;\ced air) 

He15tar^ > , 



Symbol 
cm2 
m2 
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; ■.-■ » .„; ' r- ^ ■ ^.y-. 

. jjhe /iff^flrf is a unit'Qf iand rr^easurertient equal tp lOOarfs.iTrHe ^ 
fltrf is «quaL to a scjiiare <fejt^mffer. To ^Remonstrate the size of an 
are, a squ^are ten large steps on each side m^y be paced off. A 
hectare would be equal to IQO ates. This will give learners an idea 
of the larg^size of a hectare. / ^ 

« ... f ^: . .r . ■ 

. . , • ; . ; ^ / ■ 

OBJECTIVE: to^ain a fe^l for the size of a square "centimeter. 

MATERIALS: Cuisenaire'rods Or other metric-sized cubes and 
^ ' rods, r ^ . ' - • . 




.NUMBER OF PARTICIPANTS: Any number. 

DIRECTIONS; Take a white rod f rqm^S^ir^^^^ fxre«5 one 
^ si^e against your paj|^; :Lff|^^ 

finiJ an imprint of a^^|tq^atS|c^^ How 
" : . • ■ many square' centinii^tetv^;are>^ 
. > ' areaXfftfi a white rod? (6'*:<nn2j/,^^ 

■ . ■ . - . .V J . 

' . .WhatisthesqVfaceare^of are4rod?(10cni^) 
.<. . ^ " , .\^hat is the. surface area of a Ijghr^reert rod?'' 

: ■ . *, r A.^ ■ 

^ What is the surface aVea'j<ff tvyo'y^"*^^^^°*^^ 



placedlohg ^ides together? (34 ^rm^) 



'Area 



' During the p^st decade, geobbafds. hav6 jUeconie very popular ^ . 

for reducing difficuft aSstractgeoinetric codc^pts to theconcrete . ' 

level. The^ar^^ and ;perin\eter o^ a geometric 3>iape can be 
' determinedxyvitKou't'^he use of-a formjala. Concrete geoboafd. ^ 
Activities ^are excellent For developm'^tliya^tiyities in in- 
. trodudng the concepts qfarea'and. volume, uh^ biggest problem ^ 

Is that virtually nOTe of -the geoboards in class^ooms^is metRC. ' 

The geoboard described in. this activity is readiJy cd'nstrMCted 

- From th'e materials listed. . r...;^ . ^ ' 

' ' ■ • \- ,j r/* ■ • . •■■ * O 

MAt^RIAL^': Ceiling tilef tommon pins, and stfmg. . - . 

•' ■ " . , V./ * ' ■ ' i . ■ ^^--.-^ 

NUMBER OF PARTICIPMsITSr Any number. ; . , f^',^ 

' r . .. ^v. ■ :.,v 



ERIC 



c 



, S4easureme>tt Activities ^ 83 

■ * ■ 

DIRECTIfii^S : Prepare a metric geoboard in the following 
' • . manner. Draw a 1 cm grid on the finished side of 
^. • a ceiling Uje .or lay o sheet of centinSeter grrd 

papier ol^^ip|^leiPl^^^ corprhon pin attach line 
' ^intersectmn. VVj^^finished, you will'^^^^ 
' in each cofrter 

' . * finishing- t^e "geotoard, use string, or a rQbber 

band to place around the pins making a triangle, 
' a square, a rectangle, and a trapezoid. ' 

A ^ . , V . .. 

Area * * - . 

The first* experiences for le.irners in fourth and fifth grades ,^ . 
should involve using grid-paper or a g%[d transparency. The use /. 
of formulas should rjot be used initially ^.This activity is designed 
t6 us£;-a grid transparency in the deteVmination of the area of an 
object. The transparency may^be made^by running a sheet of 1 cm 
grid paper and a j^lank transparency through ' a TherYnofax' 
machine. The obje<i;t3 tb be measured should be rectangles qr - 
squafips that contain a whole number of square centimeters. 
Some students may. discover that the area of a square or 
rectangle may be deterrhined vvithout counting all the square 
^ centimeters. This activity may be used to lead directly into tlie 
use of thp area formula. - * 

MATERIALS: One centim^ttr-grid transparency and one sheet 

of square, ajnd one of rectangular shape. " - 

NUMBER OF PARTICIP^ANTS.- Any number ^ . 

DIRECTION^:, Place the grid over, the shape tj^be measured. . 

Count the square centimeters jRitainecI in the 
' are|(kof the §haipe. Check your answer with a -.^ f^ 
neighbpr If you do rft)t agree, count the square .^'i^ \' 
, , ^centimeters again.'* ^ . _ , ^ ^ ^ 

Area ^ ' . • . 

. This area activity is designed to follow the preceding exercise! - . 
This time thq learner 'will be measuring shapes that do not fit ' 
^(evenly onder the grid. A sheet of right triangles, circles'' and 
• uneven shapes v/ill be rn'easured. The student must estimate'th^ 
^p^ial sqkiare centimeters when' counting the total. He or she - 
"may discover that the area of a right triangle 15 one-half the area 
'J of' a square or rectangle of the san)e dimensions. 

■ - ■*■'.■■■"* . ' ' 

MATERIALS: Centimeter grid transparencies and sheets pf . 
. ri^t^riangtes, circles,'ahd unev'^y;^ shapes. . 



84 METRICS FOR ELEMENTARY AND MIDDLE SCHOOLS 



NUMBER-OF PARTICIPANTS: Any number. 



DIRECTIONSr^TOTTthe grid op the shope to be measured. First 
count the num£^er of whole square centimeters 
Und^er the g'rid*. Then estimate the partial square 
J centinrtefers.'unjd^r thfe grid. Add these two 

rtumbers together. This should approximate the 
area of'the-shaffe. Check your answer with a 
friencjjj , • : 

Area " ■ • ^ , 

OBJECTIVE: To measure foot are^.' 

MATERIALS: Grid paper.* ^ 

NUMBER OF PARTIcfPANTS: Any number. 

DIRECTIONS: Using centimeter grid paper, trace around your 
feet-with shoes ren;ioved. Count*the number of 
^ square centimeters within the bdundary of the 

outline of your feet. First add the whole squares^ ■ 
' / then estimate the partial squares. After ad^ir^g 
'together the area'of each fod.tV check with your 
classmates to-see who has the greatest foot area. 

ENRICHMENT ACTIVITY: .Determine the weight on each 
y ^ square centimeter of your two 

feet. Again check with your 
classmates-to see who has the most 
pressure in kilograms or grams per 
, square centimeter. Ask the persort 

, ^ who has the most pressure if he or 

she' has sore feet. • 

Area ^' ' . ' ' ^ 

OBJECTIVE: To rheasure the area of your hand in square centi^ 
meters. ^ . . , 

MATERIALS: Grid paper. ' • " 

NUMBER OF PARTICIPANTS: Any number. ' : / . 

■ ■•" * ■ ■ ■ . ' 

DIRECTIONS: Using centimeter grid paper, {race atound your 
/ ' hand pla(I:ed palm down wjth fingers ind'thumb 
togethen Couitt the number of ^q^uare cen- 
timeters ejicoippassed in )the outline ';of the 
hand -Stop counting;^^Jhe lln^ where tKe wrjist' 



■ » v^fi^' ' Measuremctit Activities 85 

- • 

bends. Which has the greatest area — your foot, 
as measured in the preceding'activity, or your 
hand? After checking witlH|^riends, could you 
predict the area of one if you knew the area of 
. ' the other? 

Area > / 

- ■ f / 

The geoboard described earljer , (m^de with ceiling tile and 
common pins) is easily constructed bx^ not as durable asThe one 
described here. This geoboard is cplSstructed from scrap wood 
and nails.' A piece of^vVppd atjea^ 10 cm square will make an - 
excellent geoboard and sKquIcT be readily available from the scrap ' 
bin at'lumber yards. Four penny finish nails are spaced 2 cm 
apart. The grid should Be drawn in with a ball point pen because 

he nails.V^fter preparing a |'ew of^ these 
5wing activities. 



of the 2 cm spacing of 
geoboaVds, try the folic 



MATERIALS; Geoboards as described. , 

NUMBER OF PARTICIPANTS: Any number depending on 
\ ^ r geoboard^ available. 

DIRECTIONS: 1. Construct a triangle of 2 cm^M cm2, 4 cm^ 
* ' ' ' and 6 cm^ < ' 

2. Construct a square with an are^of 4 cm^ 

3. Construct a rectangle with an area*of 8 cm2 

4. What is the area of a right triangle with a base 
■ ' of 2 cm and height of 4 cm? What happens to 

the area if you double the Base to 4 cm and 
J keep the height at 4 cm? Wh^t'happens jf you 

^ double both the base and height? 
' . 5. Construct a square that contains 8 cm^. (It 

can be done.) 

Area ■ ^ ■ ' .7.'^ --j^; ' i \ 

OBJECTIVE: To gain a feel for the size of an are and a hectare. 

MATEl^'IALS:^ Meterstick or tape measure. 

NUMBER OF PARTICIPANTS: A team of four members. 

DIRECTIONS: Measure a square that is 10 meters or 1 
dekameter on each side. You may do this in your 
classroom if it is large enough. If it is not large 
^ . enough; (.measure the square in the cafeteria, 

gymnasium or school ground. Imagine the size 
' o -of IDO ares or a hectare. 



^6 
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ENRICHMEN'f ACTIVITY: Measure the school ground in hec- 
tares. Challenge another team or 
• ' another class to measure the 

school ground. Compa/e your 
answer with theirs. 



Area (Advanced) - - 

OBJECTIVE: To state the area of various-shap&d triangles 
when the base and heightjemain constant. 

MATERIALS: Geoboards or grid paper. 

NUMBER OF PARTICIPANTS: Any number. 

DIRECTIONS: 1. Use your geoboard and make a right triangle 
vvith a base of 4 crifand height qf 2 crri. What 
I is.the area of this triangle? (Answer: 4 cm-) 

2. Again use your geoboard and. construct an 
isosceles triangle ^with bas^e of 4 cm and a 
' height of*2 cm. What \s the- are^vtrf" this 
triangle? (Answer; 4 cm^) • 




Are^ (>^dvanced) 



3. Construct another triangle of different 
shape wijth the same bas^ and the. same 
height. What is thV area of ' this triangle^ 
(Answer:"4 cm2) What gener^flizationc^n you 
majce abput th6 area of triangles of different 
sHapeSJf the baseand height remain the sam^ 

. values? (Answef : Area will remain the same.) 




The foUovying' activity m^y be worked usi^t^g^he 
hand-held falculator.-v Theproblem's a^e not difficult, 
but the calculator vyilhprovide^ome added incentive to 
working them. If you do not have enough calculators 
for total class participat'iori/.y^^t^'Tnay want to have ^ 
learning center or interesti^^Der where 'these and 
similar problems- can be worked by^students oh an 
ind^ependertt basis. ' . . • * 

ATERIALS: Hand-hefd calculators. 
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NUMBER OF PARTICIPANTS: Depends on avallabiHty of 

hand-held calculators^ 

DIRECTIONS: Using a hand-held calculator: 

1. Find the surface area of a rect<\ngular solid 
that is 12 cm by 24 cm by 29 cm. (Answer; 

^ " ■ ■ 2664 cm2) 

2. Find the surface area of a rectangular solid 
that is 15 cm by 30 cir by 48 cm, (Answer: 
5220 cm2) ' ^ ' ^ 



tea (Advanced) 

OBJECTIVE: To-5tate the area of vaf^ovis-shaped rectangles or 
squares when the peripefej*- remains the same. 

MATERIALS: Geoboards or grid paper. 

NUMBER OF PARTICIPANTS: Any number, ' 

DIRECTlt)NS: If you were given 36 meters of fencing to 
enclose a garden in the shape of a rectangle gr a 
square, what^shape woyld you make the g<Irden 
so as to have the greatest area? Does the area 
vary as the shape of the garden varies? What 
, ' shapewoulcj you make the garden if you wanted" 

thai^st area? Remember, you are to use all the 
fe|^ng in qnaking the garden.. No dimension, 
, .;, should be less than 1 meter. (Answer: Garden^of 
^ largest area would be ^ squar^j,9 m by. 9 rj^TThe 
- garden of least ^rea would be 1 m by 1*7 m.) 



Area (Advanced)^ ^ : > 

OBJECTIVE: To compute the^umber of hectares when dimen- 
. ^ sionSb are gi-ven. ■ ^ s . 

MATERIALS: following table. 

'^NplJJlBER OF PARTICIPAN'^^^^ Any number." . . 

DIRECTIONS: Compute th^ number.of Hectares in each field in 
• the foll6wing table: r^^' 

■ ; _ .:67 
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Field 


€^ Dimensions 


Area in Hectares 


1 


100 jfn X 100 m 


i 


2 


50 nj X 500 m 




'3 




20 m X ap m 




4 


1 km X 500 m 




5\ 


lii^n^ X 300 m 





Answers: 

1. 1 ha 

2. 2.5 ha 

3. 0.16 ha 

4. 50 ha 

5. 39 ha 
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VOLUME^CAPACITY 



In the middle 1700s English schoolchildren were taught to 
memorize the following innits: t 

^ .... 

Two mouthfuls^re a ji^feer; two jiggers are a jack; twcrjilcks are 
a gill; two gills are a cup; two^ups are a pint; twoifiints are a 
quart; two quarts are a pottle; tiyo pottles are .i^Bjllon, two 
gallons are a pail; two pails are/ peck; two pecks Ire a bushel; 
Mo bushels are a strike; tvyo strikes are a coomb; two coombs 
are a cask; two casks'^re a barrel; two barrels are a hogshead; 
two hogsHeads are a pipe; two pipes are a tun— and thejce my 
story .is done! / ^ v 

: How would you like that system of measurement? 



Volume — Lapmly 

The difference between th^erms volume and capacity is slight. 
Some ^ucators advocate notfflistinguishing between the terms. 
Even tikuiftK it may not be rTte^egsary for young learrierS:to 
distinguisNn|t is necessary th^t tea^rhers know the difference. 

The following container shows the difference: 



The amount of, 
space inside is 
volume. 




The amount it 
will hold is 

capacity. 



Cubic centimeters usually indicate the volume of solids or the size 
of a product. Liters ^and milliliters are normally used when 
measuring liquids or the capacity of a cbntaii?er to hold liquids. A 
milk carton may have a volume of 1000 cm^ but a capacity to hold 
A. L of milk' > V V — . 

As stated earlier, bQth young and old learners have diffi^uJtyA 
conceptualizing the relationships bWvyeen volume, capac/t^/aSdJ 
weight. These relationships are sh< 



in the following table: 



METRICS FOR ELEMENTARY AND MIDDLE j^CHOOLj; , 

Weight (waifr anlyl 

1000. g 
"1 metric ton 




From the table you can see that a container with a volume of 1 
cm3 has a capacity of 1 mL of water. This amount of water will 
weigh 1 g. The three volumes listed, cm', i/m', and tnK should be 
used in readiness activities for volume and capacity. The white 
Cuiseriaire rod may. be used^to model a cubic centimeter. The 
paper centimeter cube-describecf as an activity in this section may 
be constructed. Cubic decimeters are readily available from 
commercial supply-iLouses or can be made from one-half g-^ilon 
milk cartons as described in a later activity. Conatructin'^ the 
cubic meter presents a somewhat more diffi(;{ilt situati/nJlt is 
recommended that each s>school purchase . a" cubic ryretei\for 
classroom uSe. If this is impossible, tv^elvejneterstrcks can^e 
taped together to form a cubic meter. Since all internatioE)*^ 
trading of grain is doneT-n metric'tons, relating the cubic meter to 
the metric ton of water is a highly desirabje_activity. . 

Even though capacity is defined by vdlume, the concept ot 
capacity should be taught earlier than the concept of volume. 
You may use activiti;es that stress th^asic unit of capacity, the 
liter, as early as second grade. , You should make sure, that your 
learners understand the concept of capacity, however, before 
teaching' the liter. If they do not understand this concept, you 
should first use activities involving fftnstandard measurement 
many of which are provided in this book., 



Capacity 

Young learners who are just concep^lizing the capacity of,a 
milliliter and a liter need to experience these measyre^ in 
situatid^s that a"Fe-common in their liveg|This activity is 
designed to provide that experience. Sortie soft drink companies 

' were eSrly in marketing a liter bottle. This bottle provides ^he 
vehicle to use in this activity.. Sir^ce many students have ftot. 
equated the number of milliliters in a liter, ask them to determine 
this quantity .-Any graduated container marl^edin milliUfers rhay 
be usgd.-This activity may be. followed by measuring the 

' nlilliliters ©^oda in nori^al-sizejxontainers tiispen?ed by coin-, 
operated m^fenes. ^ ' . ^ ■ 
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MATfeRlALS: Several different soft drink' bottles including a 
liter bottle and a graduated cylinder. . 

MUMBER Of 



PARTICIPANTS;^^s- of three or , four 

DIRECTIONS: Fill a one-liter sod^TOtfe^ith water. Measure 
in milliliters the capacity of the-bottle by pouring 
the water into a*graduated container. After 
completing this activity, calculate the milliliters 
in common-sized soda containers. Ask learners 
how many milliliter^ of soda or warter they can 
drink. 




Capacity ^ . ^ 

pThe day before you plan to make liter containerryou will want 
to ask^ach sYudent to bring a one-half gallon milk carton to 
school the next day. If the container is prepared in the following 
manner, it will hold very close to 1 liter of water or whatever 
liquid^you nfay want to put in it. ^ 

<■) y 

MATERIALS: One-half gallon milk cartons, X-acto knife or 
, ' .A ' scissors/and a centimeter ruler* 

NUMBER Op^^ARTICIPANTSf-'Any number. / . 

DIRECTIONS: Measure 10.5 cm frpm the bottom of the milk 
» container , and mark a line around the cartt)n. 

Carefiilly follow thelineandcutthecarton until 
tfte top portion of the container is free. The 
, bottom part x)f the container will measure 
approximately 9.5 cm wide, 9.5 cm deep dnd 10.5 
- ^ cm^gh. Even though this is nolpreciself'the ID* 

cm^>4uQh by definition will hold a litef, it is very 
' close. Ask^a^h-fffCfden^ to 1) measure his orher ■ 
• liter^container and 2) fill the conLiner with 
water and pour it into a friend]^ container to see 
if they hold the same amount. 
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Your students fhust "feel" metric before fh^y'can "think^f 
jnetric. Th^ metrip language used in class should constantly be^ 
applicable to real'Situations existing in. the lives of the learfters. 
The milliliter Aiid Wr a^te {he units most often Used in me4Surmg 
capacity. Soft drinks and medicines are measured in milliliter?/ 
while oil and gasoline are measured in liters. " : 

MATERIALS: Exercise as listed. ^ " 

NUMBER OF PARTICIPANTS: Any number. 

DIRECTIONS: Which unit of capacity, the milliliter or liter, 
would you use to measure the following: 

1. Can of juice 5. Cough syrup 

' 2. Gasoline tank of car 6. Milk 

3. Fishbowl 7. Water jug 

4. Bathtub 8. Coffeepot 



Capacity 



This activity is designed for use in helping children gain an 
understanding of capacity. The element of team competition is 
included to provide added interest. The winning t^am should 
receive a certificate listing their names which.shouldbe placed in 
the classroom display area. 

MATERIALS: Ten containers such as coffee cans, fruit cans, 
juice cans, jars, and bottles.^ 

NUMBER OF PARTICIPANTS^ Participating teams of five 
. members each arid one team 

' . -. of three judges. X r ' 

DIRECTIONS: Identify each container with a numbeiyAsk each 
team to arrange the containers ip^rder' from 
/ . smallest to largest by estimatioiv Instruct the^ 

■ grouprpf- judges to carefutty m'easure each'' 

coritaiogr to determine the capacity in 
. - miJliK^^s. The wihning team will be designated 

as^ch. A losing team may chaft^n^e a meas- 
urement and check it themselves 



, ■ . . .... 

Capacity J 
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• Objective.-. To measure u|u^illiliter5 tjie'amount of milk in a 
• . / ^cHool-^izecMTulk cartonK. , \ , 

. lyiATERlAl^-^^Milkx^rtoffs/graduatg^^ "\ 

DlRECTIOIsJS? Measure the millil iters, of millc^ih^t you drank 
. . , for lunch. Do so by filling.an e'mptyyafton with 

water to the same level that,itwas filled wi 
- niiy<;. Then pour the water into a gradua 
cylmderto determine the number of millili^rs 
in the milk carton. If the' carton sjite/ the 
capacity ih milliliters, verify this mea 
with your eixperiment. 



Capacity 




Even though car owners commonly ative^ip to gas statio: 
and say/'Fill it up/' or "Give melOgallohs/'many timestKey a 

-.^naware of-ttieactiial a^nount of gas purchased because the tank . 
iS^hidden und^i^the^nder or trunk. The following activity is • 
designed to pre^*t€the^student for the' day when gasoline is 
purchased by the lite?rTt) carry it out a rather.large container 

^ such as a tub/ barrel, etc., is' needed. Two or morje smaller \ 
containers may be used. . ' ^ 

MATERIALS: One or more containers that will hold 50 liters of^ 
water and a liter container. . 

rTOMBER OF P^^ICIPANTS: A team of fo^r or five student^. 

.DIRECTIONS: Measure 50 liters of water and pour it in one or 
-\ more containers. Could this correspond to th^ 

\ amount of gasoline purchased for your family 

. , automobile? 



Capacity 



Abstract activities such as the following shpi^Id be'^Lyen^r^^t^ . -"^ 
completing numerous concrete activities. When the stucjeni4ias<v 
gained a feel for the liter and milliliter; he or she should practice ' 
changing frorn one capacity unit to another. 

MATERIALS: Copies^of the following problems. v 



KJ 
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• _ \ ' . ; . ; . • ... . . . '■ . . 

/^NUMBfil^ OF PARTICipAN'fS: Any number. 
DIRECTjlQN9: .Ghangje units as directed; 

1. ,3 = _ 

2. 3.4 L = _ 

3. a7 L - '= _ 

4. 0.14 L- = _ 
^^^00 mL. j= 

6. 31^42 mL^ _ 

7. 34.96 mL= _ 



mL 


8, 0.007 L = 


ml 


mL 


9. 0.146 L = 


mL- 


''mL 


10. 1.342 L = 


mL 


mL 


li; 0.93 mL-= 


^ ^ L " 


L 


12. 0.73 mL= 


L 


L 


13. 0.723 L= . 


mL 


^L 


' 14. 300 L' = 


mL 



V 



Ansmers: 

1. 3000 mL. ^ • 8. 7 mL 

2. 3400 mL ' 9. 146 mL 

3. «^00mL. .10. 1342 m-L 

4. 140 mL. ' 11. -O.D0O 93 L 
5'. 0.3 L ' • , 12.^0.000 72 L 

. 6. 3.042 L q13. 723 mL , . 

0.034' 96 L 14. 300 6^00 mL 



Capacity — Blow a liler ofshfi fl'V 



This is an advanced activity for older learners.Jf the directions 
are given clearly, the activity can be accomplished^ by fifth; 
graders and older students. As feacher,^you will vyant to become 
thoroughly familiar with the activity before presenting it to the 
class. As you give directions, you should n\ove through the class 
so that difficulties can be spiotted and help can be given. Only 
newsprint will work- well in this activity. * ^ 

MATERIALS: Sheets of newsprint that form a square 40 cm on 
NUMBER OF PARTXCIPANTS: Entire ^ss. *^ 
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G ^= 





DIRECTIONS: 




, A 



'1. Fold the {^^r f rojxi corner to corner as in 
Diagram 1. . . > ^ 

2. Fold the sides in to form a triangle asshbwn 
in Diagram 2. ' . ^ " 

3. Fold points E and B down to. point A. Turn it 
over and fold C arid D down to point A. Keep 
point A pointing do-wnward as^n Diagrarfl 3. 

4. C9r^rs H and P are now double^and A is 
loose. Fold H and F to meet JrL the center. 
Turn it over^and do the sanilJlQxi^ejxifners 

p- on the back,. Diagram 4. * ' . 

5. Fold th^ loose effds out to tforirTD^grami^. 
Turn it overhand do the, same on tn^ back, 

6. Fold J and }< over to the micldle to form\^right 
triangles. Tnrn i/over and do the same for 

^ the back/Diagram 6. / ' . ^' 

7. Tuc-k the small right triangles made in 
number 6 into the pockets along LM and LN. 
Do not tuck them" under LM and LN. Turn 
the model o'ver and 4o the same on the back. 

8. Op^ -the hole at G slightly with a pencil 
ppimr'Blow hard into this hole, farmin^g-and 
.creasing the cube as you blow. The finished 
cube wilt be 10 centimeters on asideand will 

^ hold 1 litfer of air.'7 



*From Kurtz, V. Riiy: Tcncfuti^ Mviric Awnrcfu's<iS[ . Louis: T^he C. V. Mosl>^{^(^, 

1976).- . • ■. ; • ■ - 
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I, Volutrie-Capacil\/'--Word Hunt , ".^ \ ^ ■ ^ - 

' OBJECTIVE: To'i'^derttify metric volume vvord^.- " ' * • 

• MATEAlALSr Newspapera^ magazines,, ^bo4 boxes - and - 
- V ^ " "wrappers. ' ^ ^; , ' " . 

V' «UMBETl' OF PAi^TICIPANTS: Any riurpfer. " ■ ^ ' ^ : v'' 

DIRECTIONS; Challerige thi^^cfass to a word hunt\by Jelling** . 
• , therrt, that* thf-p^son (or team) tafin^the-m . > 
, . . ^ , metric ^d?cis e-xpre^sing»o/olumeorcapa^^^ 

\ >be«JiYard^d a certificate. Thie hunt v>i:i^ . ' 

, * . J - , , followiog^ words and symBofs: liters millijitep - ' 
(im'^ and m^. The logical placeSJ> to look for these 
^* ' • words would J^ifin'newspatpe^^^ 

•on food^^ccv^tainers and^l^aa^^ No foods— ° 
c ' Qnly ti^rc^mpty cohtairie^s-^2^^ .r> 

^ . Vd/Mmf-Cnpflcr'/y — Scfwerfger Hunt '~ / " V" y-* ' > ' 

. ' ■■ . • ' ^'^f ' ' 

OBJECTIVE: Tq provide experiences selecting ^metric yolumf > ; / 
J . - and capacity. ' • ^ ' . " '"i V;^^'. 

N/fATERIALS^ Various items as suggest^cB - ^ ' . y \ ^ 

^ - NUMBER OF PARTICIPANTS: Any'ndrtiber. I ' 



i 



nethi oR Ui i^Kcontam.gr a'-voliiifie^of /l^s^'* 



DIRECTIONS: Go and ii^d .the. followiWitems: V ■ - > ' ^ 

<3v > . , " l. "!Something' thaf holds ifi^re th,^^c^. .a.*iifceii^ oP 
• ■ l\qui^ . . . - . s 

' .f , 2. . S.omet 
A J^'>-\thari-20 cmV^' \ \ , ^ '-^ ' ' 'V^ >^ 

*^ * " ^•s3. Sorrjething that hold| exactly 2^ liters^v ' ' ' 

4. Exactly l/mJA>f vyat^r. ^ ' . ' \ /'^ [ 

' food 'container With, cont^ts given 



■5.- A.^f( 
f mitli 



iliters; . ■ , , " 'i . ^ - 



Vplume 



'OBJECTIVp: jTo* construct a cubLe centi'meter. V : .-s&, <* 



^ V ^^<TER^ALS:{1Rubber'cement^ 
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NUMBER OF PARTICIPANTS: Any number. 



dlRECT^JONS: Copy the accon\panying pattern. Be sure that 
- . * eacn side is 1 cm in length. After cutting out the 
pattern, fold to form a cube. The^tabs nre folded 
so they can be glued to the outside of the 
adjoining sides. Place rubber cement on the tabs 
before putting them in place. The cube will have 
a capacity of 1 mL. If filled with water it would 
weigh 1 g nYpy.rnay want to try the following 
related ac 





K-7 ■ 

(actual size) 



1. If youi^ cube is mliie very carefully, it'w\ll 
hold water. You may need to dab a little 
rubber cement on thfe corners to make it 
watertight.WVeigh the cube full of w^ter to 
see if it weighs close to 1 g. Don't forget to 
subtract the weight of the paper cube. 

2. Add another side to enclose the cube. 



3-. Make a cubic decimeter with an open top and 
7* asllljour friends to. help you fill it with cubic 
cerSimeters. How many will it hold? 



Capacity 

OBJECTIVE: To state^metric terms of capacit^^n a puzzle. 
MATERIALS: Copies of the accompanying puzzle. 
NUMBER OF PARTICIPANTS: Any number. 
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DIRECTIONS: Complete the puzzle. 



Across' 

1. There are one JL-, 
3. The basic ^nits of capacity are 
6. A is .001 of a liter. 



. ml/in a L. 



Down 



/ 



are bought by th^ 



2. Medicines and ^ 

; rciilliliter. ^ 
'3. are measured by capacity, 

4. The syrtibol for milliliter is ' 

5. We will buy caVtons of ___ by the liter. 



' 1 














2 




r 








3 




















4 ■ 




5 




6 












t 






% 












Answers I 
Across 

1. ,thousand 
filters ' 

6. milliliter 

Down 

2, drugs 
liquids 

4. mL 

5. * milk 



^3 
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VolumV'Ctipacitxf^Wei^fiht (Advanad Activitf^ ^ 

The relationship between volume, capacity and weight is 
difficult for young and old alike tS^grasp. The following activity 
will preient iA a concrete way the concept tViat one cubic 
,C(^ntinieter will hold one milliliter of water an3 will weigh one 
gram/ • ' . • • 

MATERIALS: Finely calibrated graduated cylinder, day, paper 
cup, water, and balance scale. 



0 



NUMBER OF PARTICIPANTS: Teams of tM-ee students. 

DIRECTIONS: Using tightly pigged clay, form centimeter 
. cubes. Drop these cubes in a graduated cylinder 
containing 50 mL of w^ter. An example of the 
concept of displacement, these cubes will dis- 
4 place 1 mL of water wheji dropped into the 

cylinder. The rise in water level can be observed . 
, i for each cube dropped into the water. After it is . 

shown that 1 jcm^ of clay raises the level i mL, 
. ' the final phase of weighing 5 mL or more of 

water may take place. Weigh a papercup before 
adding Ithe vVater. The weight in grarhs of the 
cup and water minus the weight of the cu^ i 
equal the number of milliliters of water dl^ 
placed by the cubes o( cUj. 





50 



4=71 



1 LTll^ (it lI.IV 



e. Capacity, and* V/ eight ^ T 



Vol urn 

Relatiorii^bips of Metrics 

■ Si ■ . f 

You will recall that meters, liters, and grams^are all related. 
Following are the important relationships. U 

a. One cubic centimeter of water is equiva^enl to 1 milliliter 
of water and has a weight of 1 gram. 



. loo; 
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"b. One cubic decimeter of water is equivalent to 1 liter of 

water and has a weight of. 1 kilogram, 
c. One dubic met^r of v\^ter is equivalent to 1 kiloliter of 
water and has a weigllt of 1 metric ton. 

OBJECTIVE: To demonstrate the relationships b^|A^een metric 
terms of volume, capacity and weigm. 

MATERIALS: Copies of table. ' ; 

NUMBER OF PARTICIPANTS: Any humber. - ' ^ 

DIREGTION^: Use the facts given to' complete the table. 



Volume • - 


1 cm^ 


1 dm^J 








2 mJ 




1 mL ' 




5 U 








IfVeighywater) 


1 8 






75 g- 


6.5 g. 





E^II^CHMENT ACTIVITY: Bill has an aquarium that is 0.8 m 

x-0,3 m^x 0.4 m 

1. What is the 'volume of the 
aquarium in cubic centi- 

' ^ ^ meters?. ^ ' v - 

2. > What would be the weight of 
the water irr kilograms if fhe 

* aquarium were filled? 



Answers: 



Volume 


/ 1 cm^ 


1 dm^^ 


1 dm^ 


75 cm3 


6.5 cm3 


2 m^ . 


Capatity . 


' 1 mL 


1 L 0 


5 L ' 


75 mL 


6.5, mL 


i kL • ^ 


Weight 
(water) * 




1000 g 


5000 g 




6.5 g 


2 metric 
/ tons 

\: i 















1. ^96 abd cm^ 

2. 96 kg ' : 
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Volume (Adpanced) r \^ ^ ' ^ - * 

Students are encouraged to use the hand-held 
calculator in computing the volume of the following 
sphere. This problem provides experience in using the 
,^ecirnal equivalent of the fraction 4/3. Students 
/should "be reminded that4h^ final answer wjjl only be 
^n approx/matiort (even though a very close one). , 

MATEIjJlALS: Han^-held calculator. ' ' 

NUMl^ER OF PARTICIPANTS: Any number. ^ \ - , 



J O 
JJO J 

JOOO 




TIONS: Find the volume?$)f r^phere that has a radius of 
30 cm. The formula is: V = 4/3 7rr-\ Use'3.141(^ 
for TT . (^nswer: 113 097.59 cm-^) ' ^ 



/ 

i 

I 

L 



I 
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TEMPERATURE 



■ " 




VVAriiK BOILS 






EXTRnMI-LYIlbj 












BODY TEMrnRATUKII 






HHAQI VVtATMEK ' 


■ 25"~ 




COMFORTAIILE-ROOM 


■ 22"~ 




WATIitt FREEZES 


0"~ 




couj^N . , 






VEI^ COLD 


' -18"- 




Biri ER COLD 














- 273 — 








V . 

• 



Evien though the SI basicunitpf temperature is the Wumr/^^rf^, 
the Celsius jcale is used extensively in countries that use the 
metric system of measurement. The kelvin scale is oftentimes 
used inscientif ic work, whilethe Celsius scaleis used in practical 
everydi^ situations. As mentioned previously/ the centigrade 
scale i9 identical to Celsius. The latter is named after Anders 
Celsius who is reported to be the first person to use a 
thermometer with 100 degrees bet^y^en freezing a'nd boiling 
...^^^^ All three scalesMcelvin, Celsius, and centigrade have 
al units, i.e., a oneik^ee change in temperature on one 
Tt^jiMvalent to a one degi*eechange on the other scale The 
keWn thermometer has an absolute zero, at which temperature, 
molecular and atomic motion stop. 

The changeover from thinking in degrees Fahrenheit to 
degrees Celsius is not ^^complished overnight. Learners of the 
new system need many experiences which require the use of 
Celsius thermometers. Textbook metrics used in the past will 
not give th<& student a feel forWietric temperatures. The 
following broad guidelines will her{v4n conceptualizing the^e 
temperatures: . ' ' 

• tingling tens ' * ' 

temperate twenties 

thirsty thirties 

flanging forties ^ 

As you teach the Celsius scale, you will soon learn that 
negative ternpe^-atures occur more often than with the 



r 
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Fahrenheit ^cale. On many winter days when the temperature 
dips to 30°F/' 2q°F, or 10°F, the corresponding Celsius^ 
♦temperatures ^jjuld be negative readings. ConseqjVj^tly, young 
students will need earlier* experiences with the set of integers 
than in' the past. 

The following activities are designed to develop in the learner 
the ability to "think Celsius."/ 



■ Temperature Diagnosis 



The following questions jnay be used as a pre-test or post-test 
to the temperature unit. Students should be able to answer four 
out of six questions correctly after completing a temperature 
unit.. 

w 

MATERIALS: Questions as stated. ; 
NUMBER OF PARTICIPANTS: Ahy number. 
DIRECTIONS: Answer th^ followmg questions: 

V If the thermometer inyour house reads 20*^ 

in the winter, will you be comfortable? 

^ 2. If the therrnometer reads S^'C?; will you need a 

short-sleeved shirt or a jacket? 

. 3. If .the thermometer reads 25°C, would it be 
* * pleasant on the beach? . ' 

4. If your bathwater measures 20°C, will you 
\ have a hot, warm, or chilly bath? 

^ . 5. If the temperature reaches 35°C tomorrow 
will it be cool,^vyarm, or hot? 

6. Will the snow melt if it is 10°C? 



Answers: 

1. yes 

2. jacket 

3. yes 

Temperature 



\ 4. chilly 

5. hot 
" 6. yes 



OBJECTIVE: To proyide learners with tlie opportunity of- 
reading a Celsius thermometer.. * 

MATERIALS: Page of duplicated thermometers. ^ 
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V - ... 

sITS: 



I^UMBER OF PARTICIP/VNtS: Any number. 

DIRECTIONS; Read the temperatures as recorded on the 
following thermometers: 













fc-100 






i-HO 




70 -i 






50 -i 


i-40 




3t)-i 


i-20 




10 -11 


E-0 




-10-^ 


— 


y ■ 







71)^ 
30 -| 

10 -i 

-U) 



-80 






90 -i 






U-HO 


70 -| 












30 H 


|-40 


10-^ 




-10-^ 













'jb-'ioo 




yo-| 


l^so 




<»-| 


1-90 




70 






70 








11-60 






|-60 




50-4 


l§-40 




50-= 


|-40 




30-^ 


l|-20 


* 


30 -= 


|-20 




10-= 


|§-0 ^ 




10 H 


i-o 




-10^ 








r 



J.°C 



°c 



Temperature 



Isius IS 



A "feel" for metric lempferaUires in degrees. Celsius' f^ not^ 
attained easily. To gai^.this competency, students will ne^d^ 
many encount^tgjvithtjgtnper^ure, both physical and in class 
discussiorrs. The following tem'j:)erature recording exercise is one 
of such preliminary activities that must be planned and carrred 
out. The thermometer needed for this activity is readily available 
at most hardware stores. If it has both Fahrenheit and Celsius 
scales, the Fahrenheit scale may be bto^ked out with tape. School 
'supply houses have inexpensive Celsius thermometers. 
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lATERIALS: Celsius 
chart. 



thermometers and the aqcqmpanyipg 



NUM^R Of PARTICIPANTS: Teams of two. * 

-DIRECtIoNS: Use the following ^hart to record the 
^ temperatui;e each day at 9:00 A.M. AnotheK^ieam 

' . . should use a different copy of the chart to record . 
. the temperature at 12 noon, A third team should 
^ use an ^even different chart to recoif^d the 
i' / temperature at 3 RM. ^ 



' Day 


. Outside 

Temper otureTn °C 

f 1» 


'Day 


* Outside 
Temperature in °C 


Monday 




Monday* 


\ 


Tuesday , 




^(Snj^sday 




Wednesday 


\r^- — 


^ 

^jpnednesd^y 




Thursday^ 


— t 


Thi?tsday 




Friday ^ \^ 




FridaJ 





At the enc^f each weeLm^ke a line^raph of the temperature. 
Solid/ colored; or dotVerf linefe may be used. 



Temperature 
OBJECTIVE: 
MATERIALS 
jyUMBER" 

direction: 



\ 

To become familkrr with m^trid^temperatures. 
Magazines, scissors, gloe and paper. 

PARTICIPANTS: Any numberi 

^ ^ * 1 

After discussing in degrees Cels/us the outside* ' 

temperature, inside temderature; ' ice 
temp^ture/body temperatur^^tf^d water boil- 
ing temperature, chiljlren should be instructed 
to cut pictures from magazines and glue them 
on sheets of paper. Realistic temperature in 
degrees Celsius should 'be recorded under the 
pictures. Summer pictures will have 
temperat^qres of 25°C to 35°C. Winter pictures 
will have temperatures of minus 20°C to 5°C. 
Spflng and fall temperatures will range from- 
10°C to 25°C. 
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, I ■ . ^ ^- • . V ^ 

* ;;• ^ y , • . , 'i/ " ■ 

Temperature / / • , 

The following'activity is designed to provide die learner with 
an opportunity to practice using temperature in degrees Celsius. 
This acti^t)^ should take place independent of the Fahrenheit 
scalev The oB^ctiy is^o thinfe in degrees Celsius, not degrees 
Fahrenheit. Tftw cannp^ be accorpplished by constantly referring 
, to Fahrenheit readings and comparing them with Celsius. 

Mi^TERIArtLS: Accompanying thermometer ahd list of ques- 
1 . tjons: V 

number/of P^RTICIf ANTS: Any number'. 




/V ■ 



1' 



Measurement Activities 107 



DIRECTIONS: Use the? accompanying ^iiefmom^ter' to answer 
- the. following questions^ ^ ' 

. ' ' * ■ .■'..]■ ■ ' ■ 

^ Tl. How many degrees between- the, 

freezing and boiling poin^of water? 

„ _ 2. If your body temperature were 39°G/.: 

you would have howmany degrees of 
fever? , . •■'/-^ V :;' v 

*^ 3, The temperature was 50°C and 

dropped 35°. What was the. resulting ' 
•temperature? ^ 

'4. The temperature vyas l3°Cand then 

^ . , gained 15°. What vwais :the resulting; 
temperature? 



no- 

. 100 

' -> 804 
70-4 
t. . 60-| 

- r :4Q -i 



30^ 



20.- 



^10 




i ^ Water boils 
^ . at 100''^ 



- / 



Nprmal body 
- t^mporature 

'is-37X;-. •■ " 



Water freeze.^ 



Temperature 





OBJECTIVE: Ti/st^te metric ter^ms for temperatur^in a puzzle. 
MATERIALS:; Copje^ o/^the accompanying^^^jjzzle. 
NUMBER OF PARTICIPANTS: Any number; : 
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DIRE^tiQMS:'Complete ihe^^ 
' . Across 




2. 'We measure\?mpV"ature in . 

3. Thirty-seven Idegnees Celsius ,is 



^hicHspow melts is^O°C. 
t'bf Water is 0°C. ^ ' 



tem'jjprature. 

6. The _at 

'7. The poi 

vDpwn 

' . ' '1 
1. ,We rheasure tempirature with a 

4, The Ll_ point of Water [s lOO^C 

5. Below 0 on a thernionrie^r, the nurnbers are 



if{nswers:' 
* Across / ^ 

<^2v degrees 
'v. 3. body 
6.^, point 
freezing 

Ddvyn 

1\ thermometer' 
4(jboiling ' - 
^ " ' 5. negative 

• .^^ 
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Temperatures-Making Ice Cream 



J 



This activity lb exc^ll^t as a culminating event at the end of 
the metric unit. At least a forty to fifty minute period should/ be 
^planned which will include some "oean-up timeHvhich wilrbe 
helpful to 'the teaciier. 

-^Among the materials listed are^SO mL test^Ubes which must be 
new so th^ tljere is qo chance of chemical residue. Tne cost of 
new test tubes is not great, especially if you consider that they 
can be used over and over in the ice cream-making activity in ^ 
future years. Thermometers are alsip included among the mate- 
rials: Cheap Celsius thermom£ters with plastic baclcs (costing ap- 
proximately fifty cents each) are excellent. Hopefully you will 
have access to^sevtral of these during the activity. As teachers, 
yoif must have a thefmometer to use as you go from student*^to 
studentf The fact that the temperature of the solution goes, 
below the 'freezing point of water will certainly prompt some 
questions by inquisitive learners. You might wish to lead a 
discussion of the use of salt on roads to thaw the ice. 



MATERIALS: 30, mL test tubes, Celsius thermometers, 
styrofoam cups, coffee stirrers, crushed ice, 
thawing salt, water, milk, vanilla, and sugar. 

NUMBER OF PARTICIPANTS: Entire class. 




Coffee stirrer 



ew test tube 



Styrofoam cup 
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DIRECTIONS: Ingredients: 450 mL of milk, 1 mL of vanill/ 

45 g of sugar 

^ Prepare the freezing'container and ice-salt 

mixture as follows: Fill a styrofoam cup ^4 full of 
crushed ice. Add 20 g of thawing salt and 
' enough water to make a solution. Remember to 

leave enough space in the cup to insert a test 
tube and. a thermometer. 
> l^ix the ice cream ingredients thoroughly 
before pouring 15 mL of the mixture into each 
test tube. Place the test tube in the styrofoam 
cup of ice solution. Place a coffee stirrer or 
aplastic drinking straw in the tube to use in 
stirring.Occasionally move the test tube around 
to keep the freezing solution mixed. The coffee 
stirrer shouldwnstantly be movedjjp and down 
and around to facilitate the freezing of the ice 
cream mixture. * If the cheap Celsius ther- 
mometers ,are available, place one in the ice-salt 
solution to check the temperature of the solu- 
tion. You should find that the temperature of 
the solution is at least -5°C. The ice cream will 
freeze at this temperature. Some ice-salt 
solutions will reach as low as,-9°C. 
- The ice c^ream is ready to e^^when it will not 
fall put of.tnFtube when held upsidedoWn. With 
. the tube in this position, clasp with one hand the 
portion of the tube containing the frozen ice 
cream. The- warmtl* of the hand will thaw the 
edge of the ice cream enough so that it will slip 
from the tube but retain the form of the test 
tube. Hold the open hand under the ice crew 
while eating it. 

While fhe freezing process is uryierway, the 
teacher should move through the class check- 
ing on . progress. It works best to have a 
thermometer to place in the ice-salt solution of a 
person who seems to bfe having difficulty get- 
ting the ice cream to freeze. If yoti find a solution 
^hat is only 0°C to -2°C, you can suggest more ^ 
ice, more salt or/a good stirring of the solution. It 
T? not always cle^rj^y one solution will be very 
cold and another ndt^ cold. It is important'fbr 
the teacher to identify persons having difficulty 
as it is disappointing to have the ice cream turn 
ou( a failure. 

lid . ^ 
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APPENDIX A 



Principal Units of the Metric System 



LENGTH 

10 ram = 1 cm 
IQ^OO mm.^'l-^n 
100. cm ' = 1 m 
lOod mi- = 1 km 

WEIGHT 

1000 mg = 1 g 
1000 g =.1 kg 
1000 kg = 1 t 

CAPACJTY . 
1000 mL = 1 L 



AREA 

100 mm^ =^1 cm^ 
10 000 cm2='l m2 ' 
lOOT m^ = l^are' 
1. dm^ , .= 1 are 
lOO'ares = 1 ha 



100 +13 



1 km2 



VOLUME 

1 dm^ - tOOO cm3 
1 = IQOO dm^ 
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APPENDIX B* 

Comparison of Metric and English iJnits 



LENGTH , 

1 in = 25.4 mm 
1 in = 2.^4 cm 
1 ft = 30.48 cm' 
1 ft = 0.3048 m 
1 yd = 91.44 cm ' 
1 yd= 0.9144 m 
1 rrti= 1609.344 m 
1 mi= 1.609 34^ km 



WEIGHT 

1 c 
1 c 

1 02 ' 
1 OZ 
1 02* 
1 lb 
1 lb 

1 ton (2000 lb) 
1 ton (2000 lb)= 0.907 185 t 



= 200 mg 
= 0.2 g 

= 28.349.523 mg 
^ 28.349 523 g 
= ^,028 349 kg 
- 453.592 37 g 
= 0.453 592 kg 
907.184 74 kg 



mm 

cni 

cm 

m 

cm 

m 

m 

km 



0.039 370 in 
0,3^3 701 in 
0.032 8b'^t 
3.280 840 ft 
0.010 936 yd 
1.093 613 yd 
0.000 621 mi 
0.621 371 mi 



mg 



0.005 c^ 
g = 5 c ' 
mg = 0.000 035 02 
g f = 0^035 274 02 
kg 35.273 962,02 
g =J0.002 205 lb / 
kg = 2.204 603 'ib 
kg = 0,001 102 ton 
t = 1.102 311 ton 



AREA 




1 in2 = 


6.4516 cm2 


IJt^ = 


929.0304 cm2 


l.ft2 = 


9.290 304 dm2 


1 yd2 = 


0.836 127 m2 


1 acre = 


4046.8564 m^ 


1 acre = 


0.40^ 686 ha 



' 1 cm2 = 0.155 000 in2 
v^l cm2 =U3.001 076 ft^ 
t\ \dm2 = 0.107 639 ft^ 
^.^?^m^ 1.195,990 yd^ 
a 'm2 ' ^=^ 0.000 247 acre 
1 ha = 2.471 054 acres 



*These comparisons are for information only; they are not 
intended for use in instructing stndents. , ' 



Appendix* B 



^ * CAPACITY 

1 floz = 29.573 527 mL 
1 fl oz = 0.029 573 L 
• 1 pt •= 473.163 mL 
. 1 pt = 0.473 163 L 
1 qt • = 946.326 mL 
l^qt = 0:946 326 L 
1 gal = 3.785 306 L 

■ : VOLUME 

1 in^ = 16 387.064 mm^ 
1 in^ = 16.387' d64 cm^ 
.1 ft^ = 28 316.847 cm^ 
1 ft^ 28.316 847 dm^ 
^ J yd^ = 764,555 dm^ 
1 yd^ ='0.764 555 m^ 



1 mL = 0.033,813 fl oz 
1 L = 33.814 97 fl Qz 
1 mL"="C).002 il3 pt 
1 L = 2.113 436 pt 
1 mL = 0.001 057.qt 
1 L 1.056 718 qt 
1 L = 0.264 179 gal 



1 mm^ = 0.000 061 ia^ 
1 cm^ = 0.061 024 in^ 
1 cm3 = 0.000 035 ft^ 
I dm^ = 0.035 316 ft^ 
1 dm3 = 0.001 308 yd^ 
1 m3 = 1.307 951 yd3 



APPENDIX C* 

Conversion Tables** . 



LENGTH* 



■ 4 . 

.To Change: ' Multiply by: 

■ . * , . . ♦ f-- 

miles to kilometers 1.6 



miles to meters^ * ^ • - ^ 160^^S 

yards to meters " 0.9^ 

inches to centimeters ' 2.54, 

inches to millimeters , - . ^ 25.4 , 

feeLio'cexitimeters ' . ^ 30.5 

kilometers to miles ' * 0.62 

meters to yards , * I.d9 

" meters io inches ' 39.4 

centimeter's to inches ' , 0^39 

millirneters to inches ^ ^ q - 

WEIGHT ' >^ • ' - 

To Change: Multiply by: 

tons to metric tons vO.9^ 

pounds to kilograms 0.45 

pounds to grams 453.6 

ounces to grams . - ' 28.4 

.metric ton to tons 1.1 

^•kilograms to pounds' ' , 2^2 

grams "to pounds ; - ^ 0.002 

/grams to ounces ■ . 0.035 

*Conversion tables are given for information only; they are^ot intended for use 

in instructing students. ^ 
**The' conversion factors have been rounded to facifitate in computations. . 



AREA 



Tp-;jChange: ^ - ' - Multiply by: 

square inches^o square^entimeters 6.45 

square feet*to square tneters ' . ^0.093 

'square yards to square meters 0.83^ 

acres to hectares - ■■{ 0.4 

"^square miles to square kilometers^ ^ ' 2.6 

, 4. square centimeters to square inches 0.155 

square meters to square feet / ■ Xd.8 

'square rneters to square yards ' ^ 1.2 

hectare to acres ^ 2.5 

square kilometers to square miles . 0.386/ * 

VOljUME / ' - ^ 

To Change:' * . ^ Multiply by: 

cubic inches to cubic centirAeters ' 16.4 

cubic feet to cubic meters 0.03 

cubic yards to cubic meters .0.76 ' 

cubic centimeters to cubic inches /o.06 

cubic meters to cubic feet .^5,0 

cubic meters to cuHc yards 1.3 



* capacity' 

To Change: " / 

teaspoons to milliliters 

tablespoons to milliliters 

fluid ouitces to milliliters 

pints tcr milliliters 

pints to liters 

quarts to liters. 

gallons tcsJiters 

bushels to Tkiters (dry) 

milliliters^ fluid ounces 

liters to pints 
>5 liters to quarts 

litersf to gallons ^ 
' liters to bushels (dry) 
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Multiply by; 

5 
15 
29.6 
473 

0.47 

0.95 
,3.8 




0.03 



• Ho 

k i 
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EMPERATU] 



TEMPERATURE i , 

To change C to F, multiply C by 1.8 and add 32. . 
To change F to C, subtract 32 from F and divide, by 1.8. 

^ V . . . , 1 

J^r^tical Comparisons 

, ^ , ^ , * 

1. The meter^is.a little longer than a yard. 

2. A kilcilneter is^about 0.6 of a mile. 

3. The Kilogram is a little heavier than 2 pounds. ^ . 

4. The metric ton is a little more than a ton. 

5. The liter is a. little more than a quart. 

6. Human body temperature is 37°C.. 
.7. A hectare is atoOt 2.5 acres, ' 



Notes ■ 

»"Going Metric; A Lot Easier and Cheaper Than Expected." U.S. News & World 
Report, 81:1U-15; July 1976. , ^ ' . 

2W. Knowles Middleton, A HistJ-y of the Thermometer and Us Use in Meteorology 
• ^Baltimore: JoFjns Hopkin^ Univer^sity IJjjess, 1966). 

^Richard Elwell/^The Inevitable Metric Advance," /^miTifan Education. 12:6-9; 
December 1976. ' . % / 



*Th'e shortened forr^is of metric units arle symbols) not abbreviations; 
therefare,^no period should be used*aft^ the shortened form. 

S. (3bngfess, federal Register (Washington* D.C.: Government Printing 
OfEice, December 10, 1976). .■ ^ 

, <^Am^ricJn Naliona! Metric Council, uide fqr lEducational Materiak 

(Washingto^ D.C.t Ajftericart National Metric Council, 1977). . v^i^ 

, ^Since*ommas are used as de'cimal markers in many courltries, th^r&hould not 
be used to separate groups of digits. The Educational Materials Sector Committee 
of the American National MetritKI6uncil recommends tF|e gradual adoption of 
these practices for writing numerals and €omplet^e adoption in all publications 
with, a copyright dMe of 1982 or later. - 

' ■ ' ^ ^ \ .V 

."American National Metric Council, Metric Guide, ' 

"Rithard W. Copeland, Hsji^* Children Learn Mathematics: Teaching Implications of 
Piaget's Research, 2nd ed. (New York: Macmillan Co., 1974). 

. ■ . 

lolrv King and Nancy Whitman, "Going Metrij-, in Hawaii," The Arithmetic 
Teacher, 20:258-60; April 1973. .* 
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